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® An automatic system for performing sheet rer 
sistivity testing on surface layers of semiconductor 
wafers, including a wafer handling stage having a 
platform (23) for carTying a semiconductor wafer, 
and an arrangement (100) for mounting the platform 
for rotation about a central axis and for translation of 
the platform orthogonal to a major surface thereof. A 
platform drive translates the platform between a wa- 
fer test position and a wafer load position, and a 
stage drive (102. 103) rotates the platform to ac- 
curately located angular test positions. A probe han- 
dling arrangement (150) includes a carriage for car- 
rying a test protDe (200) parallel to the major surface 
of a wafer on the platform and a carriage drive (153. 
157) translates the carriage between a parked posi- 
tion in which a test probe thereon is positioned 
adjacent and clear of the platform and accurately 
located tesi positions along a radius of the platform. 
The carriage carries a resistivity test probe which 



includes test probe element for contacting the sur- 
face of a semiconductor wafer. A light tight housing 
surrounds the platform and includes an access for • 
(19) therein facing the platform and positioned inter- 
mediate the wafer load position and the wafer test 
position of the platform. The access door translates 
under controlled motor drive between a closed posi- 
tion and an open position which permits the platform 
to translate between the wafer load and wafer test 
positions. Sensor arrangements cooperate with a 
safety inhibit circuit to preclude destructive move- 
ment of components when position conflict is 
sensed. All movements and measurements are un- 
der microcomputer control. 
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APPARATUS AND METHODS FOR SEMICONDUCTOR WAFER TESTING 



This invention relates generally to apparatus 
and methods for testing semiconductor wafers to 
ascenain physical and electronic . characteristics 
thereof. This/invention also relates to apparatus. for . 
automated Jiandling and positioning of workpieces 
such as semiconductor wafers. In a specific em- . 
tjodiment; . this invention relates . to systems and 
methods for sheet resistance mapping of semicon- 
ductor wafers to test the performance of semicon- 
ductor wafer manufacturing equipment utilized to 
form surface layers of specific target conductivity . 
value as part of the process of manufacturing semi- 
conductor devices such as. for example, large 
scale integrated circuits. 

The invention described in this specification 
may be applied generally in the testing of semiconr . 
ductor wafers utilizing testing processes carried out . . , 
In a contact or non-contact mode. i.e.. utilizing test 
probes of the. type which x^oiaxx^ contact with the 
surface of the semiconductor wafer or test probes 
which perform their testing function in a position 
adjacent to. but not in contact with; the surface of 
the wafer. To understand the importance of the 
invention to the semiconductor industry, it will be 
helpful to first consider some background informa- 
tion on the status of the industry and the particular 
importance of performing automated resistivity test- 
ing on semiconductor wafers which have been sub- 
jected to ion implantation. 

Large scale integrated circuits involve the in- 
tegration on a single semiconductor chip of a large 
number of individual semiconductor devices which 
are interconnected into a completed circuit. Very 
great improvements in the scale of integration of 
semiconductor devices on integrated circuit (IC) 
chips and the speed of operation, of such devices 
have been achieved over the past several years, in 
other words, improvements have resulted in sub- 
stantially increased numbers of individual semicon- 
ductor devices being formed in the same area of a 
semiconductor chip. These improvements have 
been made possible by a number of advances in 
integrated circuit manufacturing equipment as well 
as improvements in the materials and methods 
utilized in processing virgin semiconductor wafers 
into IC chips. The most dramatic advances in man- 
ufacturing equipment have been improved appara- 
*tus for lithography and etching which define the 
device and circuit patterns and improved systems 
for implanting of conductivity modifying impurities 
into the semiconductor wafer. 
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Generally, the density of integrated circuits an'^* 
their speed of operation are dependent largely 
upon the accuracy and resolution of the lithograph-.; 
and etching apparatus used to form the patterns c: 
circuit elements in masking layers on the semicon;^ 
ductor wafer. However, density and speed are alst: 
dependent upon tight control of the profile of dop " 
ed regions in .the wafer; that is, regions to whici, 
substantial concentrations of conductivity modifyint: * 
impurities have been added. Tight control of wafef 
doping can best^^e achieved in today's technology 
using ion implantatiori techniques and equipment: 
When ion implantation equipment is operatinc 
property, highly uniform doping of the semiconduc-- 
tor wafer can be achieved,. This will result in high- 
yield of property , working integrated circuits if other 
aspects of semiconductor processing are properly 
carried out. However, if the ion implantation equip- 
ment is malfunctioning so that irriproper or non- 
uniform dosages are present in the semiconductor 
wafer, the yield of property working integrated cir- 
cuit devices will fall off dramatically. Thus, it has 
become increasingly important in controlling the 
quality and y'^W of semiconductor proceissing to 
have effefctiV0''1?hpfocejS§t^qo^ the 
proper operation of ion . implantation. sy^ems. 

Figs. lA-lC illu^frate tHSi?s'# of. 
ion implantation stepis . in ' fabricating conductor: 
insulator-silicon integrated circuit devices, on a 
semiconductor wafer. Fig. 1A illustrates a first ion 
implantation step which may be performed on the 
P-type wafer 10 to produce a light implant in the 
field regions 14 oif the wafer. Field regions 14 are 
defined at this point as the regions of the wafer 
which are not covered by the regions of photoresist 
1 1 . These regions of photoresist 1 1 are formed . 
using a standard lithography process in which a 
thin layer of photoresist is spread over the entire 
surface of the wafer and then selectively exposed 
through a mask pattern or a directly scanned and 
modulated electron beam. This is followed by a 
developing step which removes areas of the 
photoresist which have been exposed to the light 
or to the electrons. A thin layer of thermal oxide 12 
may be present over the exposed surfaces of the 
semiconductor so that the ion implantation in the 
field regions 14 will be made through the thin oxide 
layer. r-^^^. 
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A light implantation oi ions of a P-type material ■ 
uch. as boron {represented by the sequence of 
rrows designated 13) is performed using an ion y 
nplantation system. This field implant is done to 
rovide greater electrical isolation between the ac- 5 
ve device regions which lie under the regions 1 1 
f photoresist material, J 

After the implantation steps shown in Rg. ,1A, 
'afer 10 is typically placed in a furnace and thick 
eid oxide regions 15 are grown in a wet ox- w 
iization process. During this oxidization process. 
ie implanted ions 1 4 are driven into the semicon- 
uctor substrate to underlie the field oxide regions 
5. ■ 

Fig. 16 shows a second ion implantation step, is 
^presented by the arrows, designated 16. to im- 
tant an N-type dopant material, such as phos* 
horus, into the active device regions 18 of the 
afer 10. This implant controls the threshold volt- 
ge of the transistor devices to be formed in the 20 
ctive device regions. 

Fig. IC illustrates a third ion implantation step 
I which a heavy implantation of N-type ions is 
erformed to dope the source and drain regions 21 
nd 22 of. the active semiconductor device ele- 25 
lents. This heavy implant of N-type Ions is repre- 
3nted by the arrows 20. 

Since there are thousands of active"idevice 
^gions on each integrated circuit chip and usually 
undreds of integrated circuit' chips on each wafer, 30 
will be appreciated that the accuracy and uni-' 
)rmity of ion implantation doping of the semicon- 
uctor wafer during each implant is critical to 
^riieving a good yield of working integrated circuit 
lips. In some semiconductor processes, as many os 
s thirteen separate ion implantation steps are re- 
uired in the fabrication process. A number of 
:her processing operations are performed on a 
afer after the step shown in Fig. 1C to complete 
le basic device structure and to interconnect the to 
arious semiconductor devices. 

From the above brief explanation, it should be 
oparent that proper operation of the ion implanta- 
Dn equipment is a very critical element in suc- 
3ssful fabrication of integrated circuit devices. 4S 
igher and higher levels of integration require 
'eater and greater accuracy in each processing 
ep and this can be assured only by regular in- 
-Qcess checking of the operation of the semicon- 
jctor equipment performing the various process- so 
g steps. 

Resistivity mapping of test wafers has proven 
i be a very useful process control mechanism for 
laracterizing the accuracy and uniformity of im- 
ant dosages supplied by the ion implant appara* ss 
s. Fig. 2 illustrates the uniform doping of the 
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entire surface region 26 of a semiconductor wafer 
25 with implanted ions represented by the arrows 
27. Wafer 25 is strictly a test wafer which is pro- 
cessed through the ion implantation equipment, 
without "lithography or other steps, simply to check 
the uniformity and accuracy of implant dosage in 
the implanted surface region 26 of the wafer. 

Fig. 3 illustrates schematically the elements of 
an ion implantation system including an ion source 
arrangement 30 and analyzing magnet arrange- 
ment 40, a resolving slit arrangement SO, a post- 
acceleration system 60, and a wafer processing 
system 70; Ions which are generated in the ion 
source 30 are extracted to produce a ribbon beam 
directed, to the pole, gap of the analyzinig magnet 
40. In the pole gap between the upper pole 41 and 
the lower pole 42. the ions in the ion beam 31 are 
sorted according to their charge^to-mass ratio. The 
analyzing magnet system 40 converges the beam 
elements having the selected -^harge-to-mass ratio 
and focuses the . selected beam through the ap- 
erture 51 in resolving slit arrangement 50i The 
resolved ion beam enters a post-acceleration sys- . . 
tem 60 where the ions are accelerated to a prear- 
ranged energy before striking the wafer 71 which is 
mounted on a heat sink arrangement 72 in the 
wafer handling apparatus 70. \i. ^ ^ 

The wafer handling applrati^'^W^'^tiaft^^ 
wafers with respect to ^ the ion beam ^. in a^.. two^,^^^ 
dimensional pattern: to provide uniformity of expo- 
sure of the entire wafer surface to the ions of the 
beam. (In other types of systems, the beam itself is 
scanned with respect to the wafer in one or two 
directions.) The control system for the ion im- 
planter maintains uniformity of ion beam current. 
The combination of uniformity of beam current and 
uniformity of wafer scan produces uniformity of 
doping in the semiconductor wafer. However, if the 
scanning of the wafer with respect to the beam is 
non-uniform or the beam current magnitude varies 
substantially during the implant process, non-uni- 
formity of implant dosages will be present across 
the surface of the semiconductor wafer. By detect- 
ing such problems before the malfunctions reduce 
in-process yields, the equipment can be repaired 
before wafer processing continues. 

The correctness and uniformity of implant dos- 
age across the semiconductor wafer can be deter- 
mined in an automatic sheet resistance mapping 
system which has the capability of taking multiple 
test readings in both a contour map and diameter 
scan mode. It is well-known in the prior art to utilize 
an in-line four-point probe to make sheet resistance 
measurements at various preselected testing loca- 
tion on the implanted semiconductor test wafer. 
Sheet resistance maoping and the theory and re- 
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suits of such testing techniques are discussed in 
detail in the following papers and publications, 
which are incorporated herein by reference: 

0. S. Perloff et al.. "Dose Accuracy and Doping 
Uniformity of Ion Implantation Equipment," Solid 
State Technology . February 1981, pp. 1 12-120: 

/ 

Andrew ^. Wittkpwer, "The Effect of Ion Implanter 
Design Upon Implant Uniformity," Solid State 
Technoloov . September 1 982. pp. 77-81 ; 

David S. Perloff. -Four-Point Probe Correction Fac- 
tors for Use in fvieasuring Large Diameter Doped 
Semiconductor Wiafers." Journal of tfie Electro- 
chemical Society: Solld-State Science and Tech- 
nology . November 1976, pp, 1745-1 750: and 

D. S. Perloff. et al., "Contour Maps Reveal Non- 
Uniformity in Semiconductor Processing," Solid 
State Technology . February. 1 977. 

Fig. 4 illustrates a printout . of a contour map 
which shows a pattern of non-uniform implantation 
of a wafers The heavy contour line represents the 
mean resistivity value of the wafer. The lighter 
contour lines outline regions which differ from the 
mean value by a preset percentage. The + and - 
symbols represent test sites for which the resistiv- 
ity value is above and below the mean value, 
respectively. Rg. 5 illustrates a printout of two 
diameter scans on the same' wafer. Here the actual 
resistivity values are plotted as a function of posi- 
tion of the test site on the diameter of a wafer. 
From these tests and printouts, the engineer in 
charge of a process can determine whether the ion 
implantation equipment is operating properly. Spe- 
cific discussion of the diagnostic capability of the 
resistivity tests is contained in the above-referen- 
ced articles. 

Rgs. 6 and 7 illustrate the two configuration 
resistivity probing techniques which are preferred 
for accuracy in making sheet resistance measure- 
ments on a semiconductor test wafer. The four 
points of the probe 90 are shown in contact with 
the surface layer 81 of a semiconductor test wafer 
80. A four-point probe is a mechanical device con- 
sisting of four spring-loaded metallic probe tips 
91A-91D which are brought into contact with the 
surface of the wafer. 

Fig, 6 shows a standard probe configuration in 
which a constant electrical current is introduced 
into the wafer through the outer probe tips 91 A and 
91 D, and the voltage drop is measured across two 
inner probe tips 91 B and 910, In Fig. 7. an al- 
ternate probe configuration is shown in which the 
constant current is introduced through probe tips 



91 A and 91 C and the voltage drop is measure 
across probe tips 91 8 and 91 D. Use of these tw 
test measurements makes it possible to determin 
sheet resistance to a high degree of accuracy eve.- 

5 at testing positions which are near the edges of th^ 
semiconductor wafer. 

In a co-pending and commonly assigned pat 
ent application enntled "Apparatus and Methods fc 
Resistivity Testing." Serial. No. 704.296, filed Feb 

10 ruary 22. 1985. a novel arrangement for orientin. 
the resistivity test probe for improved accuracy i: 
performing four-point orobe sheet resistance me£ 
surements on conductive surface layers of a sem. 
. conductor* wafer is disclosed. The specification c 

75 that application is hereby Incorporated by speclfi 
reference. 

The automated resistivity tester which ha 
been essentially the industry standard for a numbe 
of years is the Kokusai Model VR30A resistivit 

20 tester. In this Kokysai system, the wafer platform i 
arranged to translate between a wafer load positio 
directly in front of the main front wall of a light tigl" 
enclosure and a wafer home position in which th 
wafer platform is located entirely within the ligh 

25 tight enclosure and a stationary probe head mour 
ted in a canti levered fashion over the platform i 
positioned at the precise center of the wafer pla 
form, ir,h.e^J,ggt. P''ops rematns;^stationary and th 
wafer platform i§"arrST§*ed^o>"rb\aje to accurate! 

30 located .angular ,<u:ieo{auoaSi,Si5iU^ diamete 
scans and contour scans of a semiconductor wafe 
on the platform can be performed. Moving betwee 
a wafer load position and the home position of th 
v/afer platform, the wafer platform moves through 

35 swinging door arrangement in the main front wall c 
the enclosure. 

While the Kokusai system functions in a ger 
erally satisfactory manner, there are a number c 
disadvantageous aspects of the wafer handlin 

40 technology provided therein. First, it is difficult t 
interface the Kokusai unit to an automated wafe 
handling system for loading the wafers onto th 
wafer platform. The automated wafer loading syj 
tern must either be placed directly in front of th 

45 test system enclosure or in some other positio 
near the front of the unit where it tends to interfer 
with the operating controls of the system. Use c 
an r. e wafer stage together with a stationary prob 
head requires that the overall apparatus for trans 

50 lating the wafer stage between a. waferJ load . pos 
tion and home position consume a ^^9^^^Pj^ 
overall lest bench footprint of the systeiTivjTh 
requirement that the wafer stage •mov^^.:5Ma{^:^tr 
front enclosure wall limits the overairsystem^er^ 

55 sure volume which is available for" packaging tr 
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elecronics. Thus, the Kokusai system incorporates 
a separate electronics module to which the signals 
from the wafer handling and probing equipment are 
» coupled. . . 

Because the Kokusai unit uses a separate elec- 
tronics housing remote from the wafer handling and 
probing module, three SO-pin ribbon cables are 
required to couple signals /between the two units 
These cables tend to pick up noise signals which 
can interfere with proper operation of the system 
producing inaccurate test readings or signal' 
glitches which cause the overall system to stop 
functioning in the middle of a test program. 

The design of the Kokusai system results in a 
substantial problem with particulate generation 
which can adversely affect rpeasurement accuracy 
The hinged door through which the wafer passes 
the grease on the open leadscrew and . bearing 
assembly and the movement of the top enclosure 
hmged over the wafer stage are all sources of 
particulates which can end. up on the wafer beina 
tested. ■ • " 

Because the wafer stage is translating back 
and forth, the vacuum hoses connected thereto to 
hold the wafer in position on the wafer stage plat- 
form are required to move as well. Finally, the 
design of the Kokusai system makes it impractica- 
ole to enlarge the wafer stage to handle th^ larger 
diameter wafers which are a continuing Vend in the 
semiconductor industry. It should thus be. apparent 
that tnere is a need for. an improved wafer handling 
system for automated semiconductor wafer testino 
systems. 

It is a principal object of this invention to pro- 
vide an improved wafer handling and positioning 
system for semiconductor testing systems. 

It is another object of this invention to provide 
an irhproved apparatus for handling semiconductor 
wafers with greater ease of interfacing to auto- 
mated wafer handling equipment. 

It is another object of this invention to provide 
an improved automated sheet resistahce maopino 
system. 

It is another object of this invention to provide 
an improved wafer handling apparatus for an auto- 
mated sheet resistance mapping system to enable 
the entire system to be housed within a single 
enclosure. 

It is a further object of this invention to provide 
a wafer handling apparatus for wafer test equip- 
ment which is easier for the operator to use. 

The above-stated objects of this invention are 
achieved in part using a workpiece handling sys- 
tem wnich utilizes a workpiece manipulation stage 
which has the caoability of translating a workpiece 
vertically oetween stage down and stage up posi- 



tions and of rotating the workpiece about a central 
axis of the stage. The workpiece handling stage 
comprises a hollow cylindrical housing with a hol- 
low cylindrical rotor mounted- within the housing 
5 and carried on a pair of upper and lower bearing 
assemblies to provide free rotary motion of the 
rotor within the housing. A cylindrical piston is 
mounted within the rotor and has one end thereof 
extending above the rotor to carry a platform for 
10 the workpiece. The piston is keyed to the rotor with 
a cooperating key and keyway arrangement so that 
the piston rotates with the rotor. A first drive ar- 
rangement communicates with the oiston to drive 
the piston out of and into the rotor and thereby to 
'S translate the workpiece holding platform between 
the stage, up and stage down pdsttions. A second 
drive an-angement communicates with the rotor to 
produce rotation thereof within the housing. 

In a preferred embodiment the piston is a 
20 hollow piston with the interior thereof communicat- 
ing with a source of vacuum. The platform includes 
an arrangement of interconnected grooves formed 
jn the top face thereof and a central aperture 
.extending through the platform to communicate 
2S with the interior of the piston to couole the vacuum 
to tne grooves to hold the workoiece on the' plat- 
form. 

According to another %l>3f5ABf.:thrs«*wewi^jr^^-" 
the above-stated objects are achieved in. an auto- • • 
30 matic testing system for semicoMlictor "^feVs 
which comprises a stage arrangement including a 
platform for carrying a semiconouctor wafer A 
mounting arrangement is provided for the platform 
which enables rotation of the platform about a 
35 central axis and translation of the platform ortho- 
gonal to a maior surface of the platform. A platform 
dnve arrangement is coupled' to the mounting ar- 
rangement to drive the platform between a wafer 
test position (i.e.. stage down) and a wafer load 
•« position (i.e.. stage up). A stage drive arrangement 
is coupled to the mounting arrangement for rotating 
the wafer platform to accurately located angular 
test positions. A probe handling arrangement is 
provided and includes a carriage arrangement for 
'5 carrying a test probe parallel to the major surface 
of a wafer carried on the platform and a carriage 
drive arrangement for translating the carriage ar- 
rangement between a parked position in which a 
test probe thereon is positioned adjacent and clear 
50 of the platform and accurately located test posi- 
tions along a radius of a wafer, on the platform • 

When adapted for carrying out tests which 
require the test probe element to contact the sur- 
lace of a semiconductor wafer, the carriage means 
55 includes a probe arm for carrying a test probe and 
an arm mounting arrangement for mounting the 
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probe arm in a cantilevered manner at one end for 
translation orthogonal to the wafer platform be- 
tween probe up and probe down positions. In this 
arrangement a probe drive arrangement is coupled 
to the probe arm to driv6 the probe arm between s 
the probe down and probe up positions. 

The p^ierred embodiment of this invention 
also featu^fes a sensor and function inhibit arrange- 
ment which precludes the operation of various as- 
pects the drive arrangements under conditions io 
when damage to one of the components of the 
system could result. For examole. in the broadest 
context, the sensor arrangement includes a probe 
location sensor associated with the carriage for 
sensing when the test probe arrangement is in the . < is 
parked position and a platform position sensor ar- 
rangement associated with the wafer handling 
stage for sensing when the platform is in the wafer 
test position. A control circuit is coupled to the 
platform and stage drive arrangements for control- 20 
ling the operation thereof. Coupled between the 
.control circuit and the -platform and stage drive 
arrangements is an inhibit circuit which is also 
coupled to the probe location and platform position 
sensors for sensing the state of these sensors. The 3S 
Inhibit circuit inhibits operation of the platform drive 
means (i.e.. the one that controls raising and lower- 
ing of the wafer stage) except when the prooe 
location sensor signals that the carnage arrange- - 
. ment is in the parked position. The inhibit arrange- 00 
menc also inhibitS 'operation *of the* carriage drive 
which causes the translation of the carriage except 
when the platform position sensor senses that the 
wafer platform is in the wafer test position (i.e.. 
stage down). 35 

In a system in which the lest probe is intended 
for contacting a semiconductor wafer on the wafer 
platform, a probe status sensor arrangement is 
provided for sensing when the probe arm is in the 
probe up position. The inhibit arrangement further 4o 
inhibits operation of either the platform or stage 
drive arrangement except wh3n the probe status 
sensor senses the probe arm is in the probe up 
position. 

In an embodiment of the invention which 45 
mounts the wafer stage in a light tight enclosure 
with an access door immediately above the wafer 
stage platform, a door drive arrangement is pro- 
vided for moving the door between open and 
closed positions and a door sensor system is pro- so 
vided for sensing when the access door is in full 
open position so that It is safe to raise the platform 
to the stage up (wafer loadi'unload) position. In this 
embodiment, the inhibit circuit arrangement is also 
coupled to the door sensor arrangement so that the 55 
platform drive arrangement is inhibited except 




when the probe location sensor senses that ^ 
carriage means is in the parked position and tiJ 
door sensor senses that the door is in the full of^ 
position. - t 

Another aspect of this invention features an' 
arrangement for determining the position of a wafer 
on the wafer platform and the size of the wafer on 
the wafer platform. This aspect of the invention 
features a reflection sensor mounted on the car- 
riage arrangement at a prearranged position -proxi. 
mate the prearranged location of the test probe for. 
detecting when the sensor is positioned at thei 
edge of a wafer on the platform as the test probe id 
scanned from the parked position toward the center] 
of the wafer and vice versa. A control circuit is 
coupled to the sensor and to the platform stage 
and carriage drive arrangements for operating all of 
the drive arrangements in a prearranged sequence; 
while monitoring the output of the sensor to deter-; 
mine the radial and angular coordinates (r. $) of a^ 
least three separate edge points of the wafer anc 
to determine from those coordinates the actuail 
radial and angular coordinate of the center of *thei 
wafer and also the size of the wafer itself. | 
The workpiece staging system of this invention 
has the advantage of compactly carrying a work- 
piece Detween^ load position in which the stage i? 
up and;|'wor?(p?ec^^^^ . 
while also providjng^. forv>ptat|on^ of'^K^^ 
about a central axis of this stageT As applied tc 
h'andling semiconductor wafers, this capability dra- 
matically adds to the convenience of wafer han- 
dling for the operator since the wafer stage id 
presented to the user, at a top surface of the 
system where it is very convenient for the user td 
manually load and unload the wafers. Furthermore] 
the wafer staging system is easily interfaced to 
existing automated wafer handling systems which 
can be mounted adjacent the housing which en- 
closes the entire test system and still have conve-! 
nient access from a number of angles to the wafeil 
stage platform. 

By providing for translation of the probe head 
relative to the wafer platform, instead of translating 
the wafer platform relative to the probe head, a 
much more compact arrangement of the wafei 
stage and the probe scanning mechanisms can be 
achieved. This permits the packaging of all of the 
electronics of an automated resistivity tester, fo 
example, inside a single enclosure with ail the 
attendant advantages and conveniences. Signa 
leads are shoner. leading to greeted noise immu 
nity and connection reliability. 
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Economy of motion is achieved by having the 
■ water platform translated only a short distance be- 
tween a stage down and stage up position. The z. 
B Stage of this invention has much quieter opera- 
tion. Furthermore, the provision of an arrangement 
for translating the probe head relative to the wafer 
^ platform requires that a sn;ialler mass be moved to 
^ scan the probe head relative to the wafer. This 
f. results In quieter, quicker and more accurate test 
■ probe posiUoning relative to the semiconductor wa- 
fer on the platform. 

The overall z, e stage and the z. r probe stage 
of this invention provide a convenient arrangement 
for incorporating optical sensors, to report on the 
position status of the various components and for 
ease of integration of the outputs of these sensors 
into a safety interlock or inhibit system which pre- 
cludes destructive modes of operation of the sys- 
tem. 

The overall system of this invention reduces 
the particulate sources in the vicinity of the wafer 
platform. The wafer platform is maintained by itself 
within a small light tight enclosure and no grease- 
bearing surfaces enter that enclosure. The cover or 
door Is mounted on ball slides which face away 
from the enclosure so that any particulates gen- 
erated will fall outside this separate enclosure. 

Other objects, features and advantages , of this 
invention will be apparent from a consideration of 
the detaii.ed description given below in conjunction 
with the accornpanying .drawings^ 

Figs. 1A-1C illustrate process steps in the 
manufacture of a semiconductor integrated 
circuit utilizing various ion implantation 
steps. 

' Fig. 2 illustrates ion implantation of a test 
wafetr for testing uniformity of the ion implant 
dosage across the entire suface. 

Fig. 3 is a schematic illustration of ion im- 
plantation apparatus of the prior art. 

i=^gs. 4 and 5 illustrate a contour map and a 
diameter scan which are examples of the 
types of test results produced by the system 
of this invention. 



Figs. 6 and 7 illustrate alternate in-line test so 
probe measurements in accordance with the 
prior art. 

Fig. 8 is a perspective view of an automated 
semiconductor wafer testing system in ac- ss 
coroance witn this invention. 
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Fig. 9 is a key., pad layout useful in the 
system depicted in Rg. 8. 

Fig. 10 is a too plan view of a sliding cover 
arrangement useful in the system depicted 
in Fig. 8. 

Fig. 1 1 is a perspective view of the major 
components of the wafer stage and probe 
handling modules of the wafer testing sys-. 
tern depicted in Fig. 8. 

..Fig. 12 is a sectioned elevational view of a z. 
e wafer handling stage in accordance with 
this invention. ■[ 

Fig, 13 is a partial top view of the z. e stage 
depicted in Fig. 12 and taken along the lines 

13-13. ; 

Fig. 14 is a partial section view through the 
2. d stage taken along, the., lines 14-14 in Fia 
12. . ^' 

Fig, 15 is a side elevational view of . the 
platform raising piston component of the z, i 
stage deoicted in FigN^g^J^^^^,,^^^. ^ 

Figs, 16 and 17 are detail vieWs showiifJg^^l^^^^^ 
position marking arrangement of the platform 
carrying piston depicted in Fig. 12. 

Fig. 18 is a section view through the z. e 
stage of Rg. 12 taken along the lines 18-18. 

Fig. 19 is a partial elevational view of the 
rotor of the z. 9 stage taken a/6ng the lines 
19-19 in Rg. i2. 

Rg. 20 is a top plan view of the wafer 
carrying platform of the z. e stage in accor- 
dance with this invention.. 

Fig. 21 Is a partial section view through the 
wafer platform and taken along the lines 21- 
21 in Rg. 20. 

Rg. 22 is a side elevational view of an r, z 
probe carrying stage in accordance with this 
invention. 

Fig. 23 is a top plan view of an r. z stage m 
accordance with this invention. 

Rg. 24 is a right hand end view of an r. z 
stage m accoroance wrth this invention. 
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Fig. 25 is a left hand end view of an r. 2 
stage in accordance with this invention. 

Fig. 26 is a detailed view showing a probe 
down sensor arrangement in accordance 
with this Invention. 

/ • ' .• ■ 

Figi 27 is a partial perspective view of an 
automated semiconductor wafer testing sys- 
tem showing an optional protective, traveling 
shroud. 

Fig. 28 is a partial section view showing the 
structural arrangement of the optional travel- 
ing shroud. 

Fig. 28A is a partial vfew of the shroud guide 
pin and channel arrangement taken along 
the lines A*A in Rg. 28. 

Fig. 29 is a system block diagram for a 
computer controlled automated resistivity 
,^ test system in accordance with this system. 

Rg. 30 is a schematic diagram of the motor, 
position sensor, and air and vacuum system 
in accordance with this invention. 

Rg. 31 is a schematic circuit diagram of a 
safety inhibit system in accordance with this 
invention. 

Rg. 32 is a schematic illustrating the wafer 
position and size determining feature of this 
invention. 

Rg. 33 illustrates the software control ar- 
chitecture of an automated - resistivity test 
system In accordance with this invention. 

Rgs. 34-41 are software flow charts depict- 
ing computer controlled operation of an auto- 
mated resistivity test system in accordance 
with this invention. 
Since Rgs. 1-7 have been described in the 
introductory portion of this specification, further de- 
scription thereof is unnecessary at this point. 

Fig. 8 depicts a perspective view of an auto- 
mated resistivity test system which is the currently 
preferred embodiment of the wafer handling and 
probing features of this invention. The general con- 
cepts and features of this invention will be de- 
scribed in terms of the preferred embodiment of an 
automated resistivity test system. However, it 
should be understood that the features of this In- 
vention are readily adaptable to other types of 



semiconductor wafer testing, including capadla^ 
voltage measurements, film thickness measiS^ 
ments. and acoustic coupled lifetime measw^ 
ments. The techniques of acoustic coupled Kfethnc 
5 measurements were described In a paper given a 
an ASEE Technical Session in January 1985 by R 
Bharat et al. Various types of film thickness mea 
surements can be utilized, including color compart 
son, variable angle monochromatic fringe observa- 
10 tlon; constant angle reflection interference spec- 
troscopy, and ellipsometry. These various fiin*. 
thickness tests are described by William A, Pliskin 
.. and Stelvio J. Zanin in "Rim Thickness and Com- 
position," Chapter 1 1 of the Handbook of Thtn Rirr 
' '5 Technology, edited by Maissel and Glong . 
(McGraw-Hill 1970). 

The automated resistivity test , system 10 de-' 
picted in Fig. 8 places all of the mechanical and 
electrical hardware of the. system In a single in-; 
20 tegrated enclosure which includes a base casting; 
11 to which is hinged at the front edge a from 
cover 12 which swings down to provide access tc: 
the front interior of the cabinet. A diagnostic panel -j 
(not shown) is preferably located inside the from 
25 cover. Top cover 13 and the side panels 14 are 
removable from the housing for access to the inte^ 
rior ^o^^ If ;;^;|5j29 ®'®^Ci£f ' mechanicaj 

componentTcoilTafhe^a^ cover, sice .ana 

back panels are. rem^yably^.mqun on a steel 
30 frame {not shown). * 

As Rg. 8 shows, an optional pull-out keyboard 
15 may be provided in the base plate 11. This 
manual keyboard may have the key functions de* 
picted in Rg. 9. With these key functions^ the 
OS resistivity test system can be configured as a selfi 
contained automated resistivity tester with itmiteo 
overall test protocol features, 

A liquid crystal display 16 Is provided on the 
front cover 12 for displaying test parameters, tesi 
40 results, and status information. A more limited corn 
trol panel 17 is provided with just a few control 
functions. More extensive system control keys may 
be included on this control panel for the self 
contained automated resistivity tester mentionec 
45 above. 

Top cover 13 has a rectangular opening \t 
formed therein and a sliding cover or door 19 ii 
provided to complete a darkened light tight encio 
sure into which the wafer holding platform 23 dropJ 
50 after a wafer (not shown here but described below 
is loaded thereon. The bottom panel 20 of the ligt^ 
tight enclosure admits the piston (not shown) whid 
is utilized to raise and lower the wafer platform 23 
The back wall 22 of the light light enclosure has a/ 
55 opening (not shown) therein through which a prob^ 
and probe arm can extend to test a wafer on tn< 
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wafer platform 23 when it is in its stage down 
position proximate the bottom plate 20 of the light 
tight enclosure. The various details of the motion of 
the wafer carrying platform 23 will be discussed in 
detail below. An optional traveling shroud arrange- 
ment shown in Figs. 27 and 28 will also be de- 
scribed below. / 

Fig. 10 illustrates a form of a slide mounting 
arrangement for the door 19 which includes a pair 
of ball bearing slide arrangements 26 to which the 
door 19 is mounted for free sliding motion between 
a door open position depicted in Ftg. 10 and a door 
closed position in v/hich the door 19 has been 
transported to the right to complete the light tight 
enclosure. A motor and pulley arrangement 27 
operates under command of a control circuit which 
provides motor direction and motor enable com- 
mands to drive the door back and forth between 
the open and closed positions. 

A door position sensor arrangement 28 is pro- 
vided to report the position of the door 19. A pair of 
optical sensors 29 and 30 function together with a 
position flag 31 to report when the door is in a fully 
open position, a fully closed position, or in transi- 
tion therebetween. The flag 31 is arranged such 
that, in Che fully open door position, the right hand 
portion of the flag covers the optical sensor 30 and 
uncovers the optical sensor 29. Each of tfie . optical 
sensors 29 and 30 is preferably a light emitting 
diode. (LEO)-phototrans|stor combination which is 
considered ON when light is received from the LEO 
by the phototransistor and OFF when the light is 
blocked. When the door 19 Is in its fully closed 
position, the left portion of the flage 31 covers the 
optical sensor 29 and uncovers the optical sensor 
30. In the transition period, both optical sensors 29 
and 30 are covered. Use of the output of the 
optical sensors 29 and 30. as part of an overall 
safety inhibit or interlock circuit arrangement is 
discussed below. 

As depicted in Rg. 10, the bottom wall 20 of 
the light tight enclosure is mounted to a supporting 
frame for the bottom and side walls utilizing screws 
20A. The bottom wall can thus be removed after 
the wafer platform 23 is removed from the piston 
which carries it up and down. Thereafter, access to 
the z, B stage which forms a major component of 
this invention is provided so that this entire stage 
can be removed for any service which it may 
■^require. Fig. 11 shows a perspective view of the 
major components of the electromechanical mod- 
ules of the automated tester system in accordance 
with this invention. Mounted to the base plate 1 1 
on a pedestal 40 is a wafer stage arrangement 100 
which includes platform 23 for carrying a semicon- 
ductor wafer, a stage mounting arrangement which 
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mounts the stage arrangement for rotation of plat- 
form 23 about a central axis and for translation of 
the platform 23 orthogonal to the top surface there- 
of. As will later be seen, a platform drive arrange- 

5 ment is coupled to the overall mounting arrange- 
ment to drive the platform 23 between a wafer test 
position (stage down) and the wafer load position - 
(stage up). A stage drive arrangement comprising a 
motor 102 and a drive belt arrangement 103 is 

10 coupled to the mounting arrangement for rotating 
the wafer platform to accurately located angular 
test positions. 

A probe handling arrangement 150 carries test 
probe 200 parallel to the major surface of a semi- 

16 conductor wafer on platform 23 s^nd includes a 
carriage drive arrangement comprising motor 153 
and lead screw 157 (described in more detail be- 
low) for translating the carriage means between a 
parked positon {in which the test probe 200 is 

20 positioned adjacent and clear of platform 23) and 
accurately located test positions along a radius of 
platform 23. As will be described in more detail 
later, the carriage means also includes a probe arm 
drive arrangement 184 coupled to the probe arm 

25 178 to drive the probe arm between the probe 
down and probe up positions. In the probe down 
position, the probe contact ^ins are in contact with 
the surface of a semiconSuctSr^^^riainj^ 
form 23. The carriage arrangement |5^Js.;mpunted 

30 to the base 11 on a platform' 41 : 

" . Platforms 42" and 43 are utilized for mounting 
the card cages of the analog and digital circuitry 
utilized in the system along with the power supply 
for the analog and digital circuitry. The air and 

35 vacuum equipment may be mounted to the base 
plate 11 in the floor region 44, Pullout keyboard 
assembly 15 is positioned as shown, when provided 
as part of the system. 

The overall wafer stage arrangement 100 will 

40 be referred to as a z, stage since one motion of 
the platform 23 is in the z direction which is de- 
fined as the axis normal to the surface of the 
platform 23. The "9- designation refers to the rota- 
tion of the platform 23 about its center axis to 

45 precise angular coordinates relative to a home po- 
sition which is defined by a position marker and an 
optical sensor arrangement which will be described 
below. 

The probe handling arrangement 150 will be 
50 referred to as an r, z stage. The "r" designation 
refers to the movement of the carriage arrange- 
ment in a radial direction relative to the center of 
the platform 23. The "z" designation for this stage 
refers to the capability of moving the probe 200 in 
55 the z direction orthogonal to the platform 23 be- 
tween probe down and probe up positions. 
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At the heart of the wafer handling, positioning, 
and probing system of this invention is the z. 8 
stage 100 which has unique structural and func- 
tional features now to be described in conjunction 
with Rgs. 12-21. Referring now to Fig. 12. the 
major components of the z, .$ stage 100 are base 
plate 104,^4 hollow cylindrical housing 105, a hol- 
low cylindficar rotor 106. and a hollow piston 107. 
Housing 105 is mounted in an accurately machined 
recess in the base 104 and is fastened to the base 
104 with a plurality of machine screws (not shown) 
which extend from the bottom of the base 104 into 
drilled and tapped apertures in the side walls of 
housing 105. An o-ring 113 provides a seal against 
leakage of air from the interior 112 to the outside 
atmosphere at this mounting surface. 

A channel 108 is provided in the base 104 to 
communicate with the'central hub .104A into which 
a hollow stainless steel tube 109 is threaded. Chan- 
nel 108 and hollow tube .109 communicate vacuum 
to the hollow interior 110 of the piston 107. this 
vacuum is communicated through an aperture 146 
to an arrangement of grooves on the top surface of 
the wafer platform 124 as shown in detail in Figs. 
. 20 and 21 to be described belowi 

A secorid channel 111 is provided in the base 
104 to communicate air under pressure to the open 
interior 112 underneath piston 107, thereby to drive 
piston 107 vertically between the stage down and 
stage:up positions.. Release of the air pressure in 
the channel 1^1 causes the piston 107 to drop of 
its own weight to the stage down position which is 
also the wafer test position of the platform 124. 

Rotor 106 is mounted within housing 105 for 
free rotation on a pair of upper and lower bearing 
assemblies 114 and 115, A shoulder 116 on rotor 
106 carries the weight of the rotor on the upper 
bearing assembly 115. A keeper ring 114A holds 
the lower bearing assembly 114 and the sealing 
ring, arrangement 117 in position between the inner 
wall of housing 105 and the outer wall of rotor 106. 
A gear 118 is mounted with machine screws to a 
lop flange on rotor 106 so that a drive belt 103 
may be used to couple the gear 118 to a motor 
drive arrangement 102 mounted on a bracket 101. 
The sealing ring arrangement 117 is a special 
spring expansion sealing ring especially designed 
for air and vacuum pressure sealing. The sealing 
arrangement 117 remains stationary against the 
'inner wall of housing 105 and the outer wall of rotor 
106 and rotor 106 rotates with respect to the seal- 
ing ring 1 1 7. This sealing arrangement precludes 
leakage of air from the interior cavity 112 under 
piston 107 through the annular space between the 
outer surface of the rotor 106 and the inner surface 
of the housing 105. 



! 

• Piston 107 carries platform 124 on the top ena 
thereof with an o-ring seal 122 preventing leakage 
of air past the mounting surface between the piat-l 
form 124 and the piston 107. At the bottom end ol 

5 piston 107, a pair of special spring expansion seaN 
ing lings 119 and 120 are mounted in grooves 
machined into the piston and held in place b^ 
shoulders formed on the bottom of the ' groove ove; 
which the sealing rings are fitted in the assemblv 

10 procesSi The outer wall of piston 107 is machineo 
to mate fairly accurately with the inner wall of rotct 

106, but sealing ring 119 precludes having to dj 
high accuracy matched machining of these piece* 
for metal-to-metal seal. Thus, sealing ring 119 pre^ 

'is eludes the escape 'of air from the interior 1 12 pas 
any annular space between the outer wall of pistod 
107 and the inner wall of rotor 106. 

The sealing ring arrangement 120 .both sear 
and provides a sliding bearing surface for the vacu 

20 um in cavity 110 and the air pressure in cavity itJ; 
Thus, as the piston 107 is raised by the air pre? i 
sure in cavity 112. the sealing ring arrarigemerf 
120 rides along with the piston on the extericf 
surface of the hollow tube 109 to provide continue i- 

25 air/vacuum isolation. Since both the vacuum 
cavity 110 to hold a wafer on platform 124 and £• 
pressuref^ m >CBlitv:,;JLl?tJg,jgise^ piston 107 an 
present at the same time, it is irriportant'that'tf^ 
sealing arrangernerft '•l2b*^'Tirbvfde^gdo pressui 

30 isolation between the air pressure region, . M 2 en 
the vacuum pressure 110. 

The reciprocating piston 107 is keyed to 
rotor 106 utilizing a series of three keys 121A 
121B and 121C, (shown best in Rg. 13) and i 

35 plurality of keyways 126A. 126B, and 126C whic 
are machined in the exterior walls of the oistJ? 

107. The position of these keys and keyways ^ 
purposely non-symmetric about the center axis c 
the z. 8 stage so that the piston 107 cari & 

40 mounted within the rotor 106 in only one orient? 
tion. This is required for the proper positioning c 
the piston position marker arrangement relative t 
the optical sensors as will be described below. ^ 
keeper ring 122 holds the individual keys 121 ^ 

45 position* relative to the rotor 106 utilizing mountii^ 
screws 123. As shown in Rg. 13. a plurality o 
tapped holes 131 cooperates with machine scre^ 
(not shown) to mount the platform 124 in a remo* 
able fashion to the top of piston 107. An o-ring 12 

50 is mounted in a groove in the exterior surface ^ 
piston 107 to provide a soft, silent stop in the sta9 
up position of piston 107. The o-ring 123 contact 
the bottom of the keys 121 as the piston rises 
the bottom surfaces of the keys bottom out in ^ 

55 keyways. 
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The z. 0 stage 100 includes optical sensor and 
position marker arrangements for sensing when the 
stage is in a home position relative to the angular 
position of the rotor 106 and for sensing when the 
piston 107 is in the stage up or stage down pdsi- s 
tion. These features of the 2 "fl stage 100 will be 
described in conjunction with/Rgs. 12-19: Consider 
first the position marker and/bpticai sensor arrange- 
ment for detecting when the piston 107 is in the 
stage up or stage down position. As shown in Figs. ?o 
12 and 14-17, a pair of grooves 127 and 129 are 
machined into the exterior surface of piston 107 to 
provide an optical position marker for the piston. 
Each of the grooves 127 and 12^ has a non- 
reflective finish. A more shallow groove portion 128 75 
is provided at the bottom of groove 127 and a 
more shallow groove portion 130 is provided at the 
top of groove 129. The surfaces of these groove 
portions 128 and 130 are provided with a light 
reflective surface. 20 

A pair of optical sensors 133 and 135 are 
mounted in respective threaded apertures 134 and 
136 formed in the wall of housing 105. The viewing 
end of optical sensors 133 and 135 looks through 
windows 131 and 132 provided in the wall of rotor 25 
106. Accordingly, when rotor 106 is positioned in 
the home position (which will be described belowj. 
the optical sensors 133 and -135 viiew the grooves 
127 and 129 through the individual windows 131 
and 132. If piston 107 is in the stage up position, 30 
the reflective-area 128 adjacent the groove 127 will - 
be seen by the optical sensor 133. Thus optical 
sensor 1 33 will report with an output signal that the 
platform 124 and piston 107 are in the stage up 
position. When piston 107 Is in the stage down 35 
position, the reflective area 130 adjacent groove 
129 will be seen by optical sensor 135 which will, 
accordingly, send a signal reporting a stage down 
position. The optical sensors 133 and 135 com- 
prise a combination of a light source and a light 40 
detector. 

It should be noted that these position sensing 
arrangements are not intended to control the posi- 
tion of the piston and wafer platform but simply to 
report the position. The stage down position Is 45 
determined by the wafer platform resting on the top 
of the rotary stage.. The stage up position is deter- 
mined when the keys 121 bottom on the keys ways 
126. 

it should be apparent that there are other types so 
of sensor arrangements which could be used to 
report the stage up and stage down positions. For 
example, an an-angement of microswitches could 
be provided with appropriate actuators to report the 
stage up and stage down position. However, the 55 
optical sensor and position tT\^xV.^t arrangement of 



this invention is preferred because, for example, it 
provides a more fail safe position sensing, arrange- 
ment From the above description, it should be 
apparent that an ON condition of sensor 1 35 coup- 
led together with an OFF condition of sensor 133 
signals the stage down position. Conversely, an ON 
condition of sensor 133 together with an OFF con-- 
dition of 135 comprises the stage up reporting 
condition. When the piston 107 is in an intermedi- 
ate location between the full up and full down 
positions, both of the optical sensors are OFF. 

Accordingly, if. optical sensor 135 malfunctions 
In a way that It stays off (the typical malfunction for 
this type of sensor), it will never report a stage up 
condition and the control system to. which the sen- 
sors are attached will assurne that the stage is ip 
an Intermediate position or in a stage down position 
if optical sensor 133 is ON. Similarly, If optical 
sensor 133 fails, the sensor arrangement will never 
report a stage down condition and the system will 
assume that the stage is in an intermediate position 
unless sensor 135 is ON. This is a fail safe ar- 
rangement, since the sensor will never report an 
erroneous condition which could cause the system 
to take action relative to moving the probe head or 
closing the access door which could cause damage 
10 one of these components* 

Referring now to Figs. 12 and 18, tfie Tionie 
position sensing jeatere of this 2. d stage oHhis^-*- 
invention will be described. A groove 140 is 
machined in the exterior surface of rotor 106 and a 
reflective marker tab 141 is mounted in the groove 
140 at the home position of the rotor 106. An 
optical sensor 142 Is mounted in a threaded ap- 
erture 143 in the housing 105 in a position at the 
height of the center of the groove 1 40 and the rotor 
106. The bottom . surface of groove 140 is non- 
reflective so that only when the optical sensor 142 
sees the reflective marker 141 does, it send a 
signal output An accurate home position for the 0 
or angular position stage is accomplished by driv- 
ing the stage in one direction until the left edge of 
the marker 141 is detected and the 0 stage position 
is reported. The rotation of the stage continues 
until the right edge of the marker 141 is detected 
by the sensor by going OFF and the 9 position of 
the right edge is registered. The rotor is then 
rotated back one-half the distance between the 
registered left and right edges of the marker 141 to 
the home position. 

Accurate location of this home position of the 
stage may be iniportant if the system Is interfaced 
to an automatic wafer handling system for loading 
and unloading wafers from the platform 124, For 
example, systems are available on the market for 
automatically inserting a blade into a groove 144 
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machined in the platform 1 24 as shown In Fig. 20 
and vacuum picking the wafer off the top surface 
23 of the platform and carrying it to a wafer cas- 
sette. Following this, the next wafer is vacuum 
picked out of the cassette and positioned on the 
wafer platform surface 23. The vacuum on the pick 
is then removed' and the vacuum on the z, d stage 
platform 124 is turned on to hold the wafer in 
position. 

The integration of the optical sensors asso- 
ciated with the 2. B stage into an overall safety 
inhibit circuit arrangement will be discussed in de- 
tail below. It should be apparent that the home 
position sensing for the irotor 106 could be accom- 
plished by other marker and sensor arrangements, 
Including a microswitch arrangement which might 
utilize a switch actuator carrfed on gear 118 and a 
microswitch mounted on a bracket positioned on 
the exterior of the housing 105, The optical sensor 
arrangement 142 with marker 141 is preferred be* 
cause of the position accuracy achievable with that 
arrangement. The home position sensor is actually . 
integrated into a position control function which 
determines the actual home position of the rotor 
106. This is in contrast to the stage up and stage 
down optical sensors which only report the position 
of the stage and do not actually control, the stage 
up and stage down position locations. 

Referring now to Figs. 20 and 21. the structural 
details of the wafer platform- 124 will be considered. 
On the top surface 23 of the wafer platforrn 124. an 
arrangement of generally circular grooves 145 Is 
provided. The flat portion of each of the grooves 
corresponds with the position of a wafer flat. For 
example, the outline of a wafer is shown in Fig: 20 
and the flat of the wafer is aligned with the flat 
region of the vacuum grooves 1 45. Central aperture 
146 communicates vacuum to the interconnected 
groove arrangement. A selective groove coupling 
arrangement is provided by the slotted key 148 
which has a plurality of channels 149A and 1496 of 
different lengths therein so that the position of the 
key 148 controls how many of the circumferential 
vacuum grooves 145 are connected to vacuum. 
This provides an easy way of controlling how many 
grooves receive vacuum for holding wafers of dif* 
ferent diameters on the platform 124. In this man- 
ner, the entire bottom surface of the wafer can be 
held tight to the top of the wafer platform 124. 
Since wafers are sometimes distorted, holding 
them flat against the platform provides for more 
accurate probing since the force of the probe tips 
against the wafer will be more consistent from point 
to point if the wafer is not deforming as the probe 
bottoms on the wafer surface. 
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An arrangement of threaded apertures 147 
-provided In the top surface 23 of wafer platforni 
124 to receive nylon alignment posts at various 
radial positions. These alignment posts enable 
semiconductor wafer to be accurately positioned or 
the platform 124 with its center concentric with thi 
center of the platform itself. 

The r, z stage 150 depicted in Fig. 11 is showi 
in four different views in Figs. 22 and 25 together! 
with a special view 26 showing , the air cylinder 
drive arrangement for. raising and : lowering thg 
probe arm to provide the 2 component of motion otl 
the , stage as well as the optical sensor associated 
with detecting the probe down condition of thei 
; stage. It should be understood that the r. z stage 
150 could, in some semiconductor wafer test envi^ 
ronments, be simply ah r stage. It will be apparem 
from the description below that the z motion com-l 
ponent of the r. z stage could readily be eiiminateo 
or disabled in situations where the z component isj 
not required or desired for the testing protocol 
being performed. 

The r, 2 stage 150 includes abase casting 151 
which mounts, using bolts through the mounting 
apertures 152, to the platform 41 as shown in Fig. 
11. With appropriate jigging, the base casting 151 
can be positioned pn the platform .41 so- that the] 
center line' of''.tfie''^7febe^ the] 
central axis of the z. $ stage 100. . 

An electric motor 153 is mounted on one end 
wall of the. base casting using mounting screwsi 
154. The shaft 155 of motor 153 is coupled by way] 
of a flexible coupling 156 to a lead screw 1 
which extends to the back wall of the casting 151 
where it is journaied in a bearing 1 58. A travelini 
nut arrangement 159 is carried on lead screw 15 
so that the electric motor and lead screw arrange 
ment can drive the coupling arm 160 and carriagi 
platform 161 back and forth in the r direction, i.e. 
along the radius of the wafer platform 124 at the z, 
$ stage. The carriage platform 161 is mounted on 
ball slide arrangement 162. The stationary portioi 
163 of the bail slide 162 is. mounted to the basi 
casting 151 and the sliding portion 164 is mounti 
to the carriage platform 161 to translate therewith. 

An optical sensor circuit board 165 is mount 
in a stationary position on a bracket arrangemen 
166 which is in turn mounted on the base castini 
151. A pair of optical sensors 167 and 168 
mounted to the circuit board 165 and' electrics 
connectors 165A and 1658 are provided for powei 
input and signal output. An L-shaped bracket 169 i 
nnounted to the carriage platform 161 and carrier 
thereon a position flag 170 which functions togethi 
with the optical sensors 167 and 168 (as best see 
in Fig. 23) to signal the position of the carriage 
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platform 161 and bracket 169. More specifically 
the flag 170 and the optical sensors 167 and 168 
report when the probe arm 178 is in the parked 
position, or in the home position, or in any inter- 
mediate position therebetween. 5 

As shown in Fig. 23. the carriage and attached 
probe arm 178 are in an int^miediate position in 
both of the optical sensors lfe7 and 168 are bloc- 
ked by the flag 170. When' the camaiie is in its' 
leftmost position, i.e.. the parked position, optical . ro 
sensor 168 is uncovered while optical sensor 167 
IS covered by the right edge portion of flag iVo 
The output signal from sensor 168 thus reports the 
probe parked position of the carriage arrangement. 
When the carnage and probe arm are in the home ,5 
position, optical sensor 167 is uncovered while 
optical sensor 168 is covered by the left hand 
portion of the flag 170. The output from sensor 167 
thus reports the probe home position. The use of 
these output signals, in conjunction with a safety ao 
inhibit circuit will be described in detail below. In 
the probe parked position of the carriage arrange- 
ment, the probe arm 180 is in a position such that 
the probe 200 and the right most edge of the probe 
arm 178 are parked in a position adjacent to and 25 
non-interfering with the lifting of the wafer platform 
124 of the z. s stage 100. 

Probe arm i78 has a front portion .180 moun- 
ted m a cantilavered fashion to a vertical support 
1 79 which is carried on the moving portion 1 77 of a 30 
precision bearing slide arrangement 175. The sta-' 
tionary portion 176 of precision bearing slide ar- 
-angement 175 is mounted to the L-shaped bracket 
169 earned , in a stationary fashion on the carriage 
Jase 161. A circuit board 171 is mounted to the 35 
sracket 169 to travel with the carriage base and the 
DTObe arm and has an optical sensor arrangement 
.72 mounted thereon. A position flag 174 (best 
:een in Rgs. 23 and 24) is mounted to the vertical 
support 1 79 so that the flag 1 74 rides up and down « 
Jong with the probe arm arrangement 178 on the 
-loving ball slide portion 177. A notch 174A in the 
■osihon flag 174 uncovers the optical sensor 172 
'hen probe arrangement 178 is in the probe up 
osition. Thus, the output of optical sensor 172 « 
jports the probe up position to the control system 
Id the .safety inhibit system which will be dis- 
jssed below. 

A second cantilevered arm 183 on the probe 
-m assembly 178 extends back over the slide 50 
rangement 175 to cooperate with an air cylinder 
34 (or raising and lowering the probe arm assem- 
y 178. As Shown in Rgs. 25 and 26, air cylinder 
54 IS mounted to the carnage base 16I and has 
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upper and lower air input couplings 185 and 186 
which are coritrollably supplied with air pressure to 
raise and lower the piston . 187. Piston 187 in turn 
raises and lowers the probe arm assembly. 

Circuit board 188 is mounted on the back of 
the cantilevered arm 183 and. in turn, has optical 
sensor arrangement 189 (best shown in Rg. 26) 
mounted thereon for signaling the probe down con- 
dition. The optical sensor 189 is btocked or OFF as 
long as the piston 187 of the air cylinder 184 is in 
contact with the cantilevered arm 183. When the 
piston 187 drops away from the cantilevered arm 
183, the probe tips 201 shown in Rg. 22 are in 
contact with the wafer surface and the>bptical sen- 
sor 189 sends an output signaling the probe down 
condition. In actuality, the probe status condition is 
signaled by the combination of optical sensor 1 72 
being OFF and optical sensor 189 being ON. Con- 
versely, the probe up condition is signaled by 
optical sensor 172 being ON and opUcal sensor 
189. being OFF. Since the probe up condition will 
only be signaled when optical sensor 172 is ON a 
failure of optical sensor I72.which keeps it in an 
OFF condition will provide, a fail safe indication ' 
since the control and inhibit system will assume 
that the probe is either down or in an intermediate 
position. The sole purpose, of .'ocitiaaj^ensor ifig is-*^.. 
to report that the probe is down to""'si^ariRe ' 
overall control system- to start the -measirfifrrertt— 
cycle. If optical sensor 189 fails, the probe down 
will never be reported and a system time out will 
show that a malfunction has occurred. 

Figs. 22-24 show a four-point resistivity test 
probe 200 mounted in a mounting aperture at the 
far right end 181 of the probe arm 180. The probe 
200 is mounted in a canted position utilizing a 
positioning pin I8IA for reasons which are dis- 
cussed in the above-identified co-pending and 
commonly assigned patent application. Clampino 
screw 182 holds the probe 200 in position A 
connector 202 along with cable 203 provides elec- 
tncal connections to test probe 200. It should be 
understood that other forms of test probes could be 
mounted on the probe arm assembly 178 utilizing 
mounting arrangements which are appropriate to 
the particular probe. 

Rg. 23 shows an optional reflection type op- 
tical sensor 210 positioned on the probe arm as- 
sembly 178. This optional sensor arrangement 
preferably would include a light piping arrangement 
for shining a collimated beam of light down onto 
the platfomi of the z. e stage and receiving light 
back to a light detector so that the edge surface of 
a wafer may be detected. This sensor arrangement 
210. together with appropnate software control of 
the z. 9 and r. z stage movements, can be utilized 
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to determine the position of the center of the wafer 
on the wafer platform 124 and also the wafer size, 
utilizing a procedure described in detail below in 
conjunction with the explanatory diagram of Fig. 32 
and the software flow chart of Fig. 41 . 5 

Rgs. 27. 2:3 and 28A depict an optional?. protect 
tive^traveling;ihroudt:2ils?mounted In the light tight 
enclosure formed underneath the top cover 13 of 
the tester cabinet. The traveling shroud 211 ba- 
sically comprises a box-shaped sheet metal enclo- - ro 
sure having a top surface 215 in which a circular • 
opening slightly smaller than the outer diameter of . 
the wafer platform 23 is formed The traveling 
shroud 211 Is arranged to rest on the bottom floor 
20 of the light , tight enclosure when the . wafer , 7ss 
platform 23 is in the stage down position. As shown 
in Rg. 28A. an anrangemen^ of four corner guide * »^ 
pins 214 and channels 213 provide positive guid- : 
ance for the traveling shroud 21 1 in its upward 
travel. 20 

As the wafer platform 23 moves up. the outer f 
circumferential edge contacts the marginal edge of r 
the circular hole in the top 215 of the traveling i 
shroud so that the shroud 21 1 wil^ move upward I 
with the wafer platform 23. The lip 212 on the ? 25 
bottom of the shroud has overail dimensions great- 
er than the door opening in the top 13 of the 
cabinet so that shroud -211 cannot be removed' 
from the cabinet without raising the top 213. A 
rectangular, cut-out 217 in the back wall of ihe h 00 • 

• shroud cooperates with the opening in* the back 
wall 22 of the light tight enclosure to admit the 
probe head into the enclosure when the wafer 
platform 23 is in the stage down position. A U- 
shaped plastic piece 216 is glued to the edge of 3S 
the shroud aperture to eliminate any sharp metal 
cutting edge at that point and to deaden the sound 

of the top of the wafer platform 23 striking the edge 
of the top 215 of the shroud. 

The automated resistivity tester which forms 40 
the preferred embodiment of this invention incor- 
porates not only the 2. e stage 100 and the r. z 
stage 150. but also a sophisticated real time control 
and data acquisition subsystem based on micro- 
computer technology. A block diagram of this over- 45 
all computer-based control and data acquisition 
system is depicted in Fig. 29. Components within 

• rectangle 220 comprises a standard microcomputer 
system in which a central processing unit (CPU) 

221 communicates by address, data and control so 
buses 222. 223 and 224, respectively, with pro- 
gram and data storage memory 225, serial I/O 
ports 226 and 227 and programmable I/O ports 
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228. 229. 230 and 231. This is a standard mic 
compijter architecture and the details of the operJ 
tion of this' portion of the system are very we 
known and need not be described in detail here. 

The serial I/O ports 226 and 227 communicaJ 
with a main or host computer 240. In one embo 
ment of the automated resistivity tester isystem, 1 
main computer 240 is the master computer and thJ 
operation of the microcomputer system 220 
' slaved to that computer, in other words;- 'the -con 
mands for the automated resistivity tester in 
control and data collection mode are dowhioade 
fi'om the main computer 240. A more limited, auto 
mated resistivity tester can be implemented on 
stand alone basis utilizing microcomputer 220. pn 
grammed by way of ah operating program in men 
, ory section 225 to perform limited resistivity testei 
functions. In that embodiment a printer^ Interfac 
for directly printing out the data collected would I 
provided, but the system would not include fea 
tures of data base collection, storage and manage 
ment. In a more sophisticated system, the marl 
computer 240 is hooked up to a graphics printer 
and to a CRT terminal for displaying the. results 0: 
the resistivity testing on a particular wafer in the 
form of a contour map and or diameter scan. The] 
main compdtfer':*^4Mttii :raJ^:..^in£!b^ dati 
storage device. ■ • r " ■■■■'-■^'■■■4.,^ 

P.I.O. port 228 sei^e^ WeHK^ylSbli^^ anol 
LCD display output functions. Keyboards* 15 and 17 
' communicate via bus 251 to .input manual control 
signals into computer system 220. Computer sys- 
tem 220 communicates data, status and other in- 
formation to LCD display 16 via output signal bus 
252. 

P.I.O. ports 229 and 230 provide output contrdl 
and input data gathering, functions for the operation! 
of the z. $ stage and the r. z stage . as well as the 
door 19 and . the reflection sensor 210. P.I.O. port 
230 is dedicated to the motor control and posltionj 
reading functions of motor control circuit 283 asso- 
ciated with the probe arm motor and motor control 
circuit 284 associated with the rotary stage motor. 
The probe arm motor controls the r position of the 
probe in the r, z stage and the rotary stage motor 
102 controls the 8 position of the wafer platform in 
the z. $ stage. Data is provided on the target motor 
position to each of the motor control circuits 283 
and 284 via data bus 278. Separate status signal 
lines 279 and 281 feed back motor control status 
information to P.I.O. port 230 and separate control 
buses 280 and 282 feed separate control signal 
information to motor control circuits 283 and 284. 
Status signal bus 279 includes a NOT BUSY status 
lead 279 which is coupled into safety inhibit sys- 
tem 261. Similarly, status bus 281 from motor 
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control circuit 264 includes a NOT BUSY signal 
lead 276 which is coupled to the safety inhibit 
system 261. Safety inhibit system 261 provides 
INHIBIT signals via lines 274 and 277 .to the control 
signal buses 280 and 282, respectively. s 

The outputs 285 and 286 from motor control 
circuits 283 and 284 feed separate driver circuit 
287 and 288. The outputs of the separate driver 
circuits function over analog signal buses 289 and 
290 to drive the probe arm motor 153 and rotary rc 
stage motor 102. It should be noted that the motor 
control circuit 283 can not drive, the probe arm 
motor when an inhibit signal is received from the 
safety inhibit system 261 and the motor control 
circuit 284. can not drive the rotary stage motor ;s 
when an Inhibit signal is received on lead 277 from 
safety inhibit system 261. In 'this manner, the safe- 
ty inhibit system provides a safety interlock which 
precludes operation of the respective motors under 
status conditions which would cause damage to . 20 
some other component of the system. 

The safety inhibit system 261 is interposed 
between the P.I.O. port 229 and control system 264 
so that control system 264 cannot . receive direct ■ 
command, signals on the bus 262 from the P.I.O. 2s 
port 229» except those . commands which do not 
involve a potential safety hazard. Safety inhibit sys- 
tem 261 receives inputs via bus 266 from optical 
sensors 265. The same outputs of the optical sen- 
sors are input tp the control system-and can be 30 
read by the microcomputer 220 o</er the input lines 
273. The control system 264 provides controlling 
signals received from the safety inhibit 263 to the 
vacuum and air system 267 and to the door motor 
269. Control signal 264 also communicates in a 35 
two-way fashion with the reflection sensor over a 
bus 272. Vacuum and air system 267 supply 
VACUUf^ ON and AIR ON signals to the control 
system 264 and these signals can also be read by 
the microcomputer 220 over the input signal line 40 
273 to P.I.O. ports 229. 

Control of the circuitry which performs a mea- 
surement on the wafer is accomplished by com- 
puter 220 through P.I.O. ports 231. A program- 
mable current source 293 receives control com- 4S 
mand information on a signal bus 294 and provides 
programmed levels of current on signal lines 295 
through a relay signal distributor 297 and signal 
bus 203 to the probe head 200. Signal bus 203 
takes analog signals back from the probe head so 
through the relay signal distribution network 297 
into the digital volt meter 291 via bus 298. Digital 
volt meter 291 communicates via bus 292 with 
P.I.O. ports 231 for feeding digital voltage readings 
to computer 220 and for receiving range informa- ss 
tion and the like from the computer. A temperature 



probe 299 is provided adjacent the wafer platform 
and communicates through the relay distribution 
network 297 to the computer. Control signals are 
provided and information is fed back from the relay 
signal distributor over a bus 296 to the P.I.O. ports 
231. . 

Fig. 30 shows schematically the specific inter- 
faces from the control system 264 to the vacuum 
and air system 267, the door motor arrangement 
269 and the optical sensors 265. These overall 
arrangements have mostly been described above 
in terms of their structure and function. The only 
portion of the schemciic circuitry shown in Rg. 30 
that has not been previously^' described is the 
vacuum/air system. 

It will be remembered that the principal func- 
tion of the vacuum portion of the vacuum/air sys- 
tem 267 is to provide' vacuum to the interior of the 
piston 107 through a tube 109 which communi- 
cates vacuum to the vacuum grooves in the top 
surface 23 of the wafer platform 124. A source of 
vacuum is present on this VAC. IN line and is 
coupled through hoses through a VAC. ON switch 

310 which sends a signal to the control system 
which can be read by the computer that the source 
of vacuum is available. A control signal from the 
control system overMBj^S^ogefi^e^^ ^^ solerioid 

311 to couple the vacuum to line 1 08 ''which sup v 
plies it to the \^acuum^ grooves^ on- the '-w^ferptet-^^^^ 
form 124. This involves an on/off solenoid function 
which opens and closes a valve arrangement to 
control whether vacuum is present or not on the 
wafer platform. 

The air control system is somewhat more com- 
plex in that air pressure is utilized to drive the 2. 6 
stage from a stage down to a stage up position and 
also to drive an air cylinder controlling the probe 
up and probe down functions. A>-control signal into 
solenoid 315 from the control system 264 operates 
that solenoid to connect air from the AIR IN port to 
the air.'vacuum line and through a check valve 312 
to the line ill into the interior of the rotor 106 
under the piston 107. This causes piston 107 to 
rise from a stage down to stage up position. When 
the control signal to solenoid 315 is a stage down 
signal, vacuum is coupled to the air/vacuum line 
into the check valve 312 which vents the air pres- 
sure in line ill to the atmosphere and allows 
piston 107 to drop under influence of gravity. 

Control signals into solenoids 313 and 3i4. 
respectively, control the supply of air to the UP AIr" 
and DOWN AIR lines into the air cylinder 184. 
When solenoid 314 is operated to supply air to the 
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UP AIR line, the cylinder 184 moves the probe up. 
Similarly, when air is supplied to the DOWN AIR 
line by operation of solenoid 313, the piston 187 is 
forced downward. 

The overall schematic circuitry of Fig. 30 will 5 
be utilizedyin conjunction with the inhibit system 
circuitry shown In Rg. 31 and the software flow 
charts sh6wn in Figs, 34-41 to illustrate the overall 
function of the system in a standard sequence of 
steps utilized to make a measurement on the wa- 10 
fer. 

. The safety inhibit system circuitry 261 shown 
in Fig. 31 incorporates a programmed array logic - 
(PAL) chip 320 which receiveis a plurality of sensor 
signal inputs and status signal inputs from the is 
motor control circuits 283 aod 284 and provides a 
plurality of enable and/or disable (inhibit) output 
signals which are logical combinations of the sen- 
sor and status signal inputs. Four of the control 
signals from P.I.O. 229, namely, stage up. stage 20 
down, probe down and door direction signals, are . 
individually fed to a series of AND gates 321 fol- 
lowed by inverter amplifiers 322 to provide stage 
up, stage down, probe down and door direction 
command signals provided that the outputs of the 2s 
. AND gates 321 are enabled by coincident enabling 
signals on the other inputs. In addition, the PAL 
chip - 320 provides inhibit outputs for the rotary 
stage motor and the probe arm motor undei- certain 
logical combinations of the sensor and status sig- 30 
nafs input to the* PAL chrp. Since the door motor 
requires both a door direction and a door enable 
command before the door motor operates, only 
one of these control signals is coupled through an 
AND gate. The probe up command is always a as 
safe command in that there is never any danger in 
raising the probe since that action will never inter- 
fere with any other functional activity or cause a 
dangerous or damaging positional conflict between 
various components of the system. 40 

It can thus be seen that the PAL chip is an 
arbitrator of the propriety of processing a particular 
control signal depending on the position or move- 
ment status of the components of the system. For 
example, if the computer system 220 issues a 4S 
STAGE UP command, and the probe 200 is not in 
a probe parked position, the STAGE UP command 
should be disabled unless and until the probe is 
moved to the probe parked position. Similarly, a 
stage up command conflicts with a door closed so 
condition. Accordingly, the PAL chip is pro- 
grammed to disable the input to the AND gate 
servicing the STAGE UP control signal if the probe 
parked sensor is not ON or the door open sensor is 
not ON, Both of those sensors must have a true or 55 
ON output before the STAGE UP command can be 



processed. Essentially, the same condition is t^ji 
of a stage down control signal. It should not b - 
processed unless the probe is in the parked pos 
tion and the door is open. 

Consider now the PROBE DOWN commanc 
This command should , not be processed if eithe- 
the wafer platform is not down or the stage moto 
is busy or the probe motor is busy. Most impor 
tantly, the probe should not be dropped onto 
wafer on the platform if either of the motors is bu^i 
moving the wafer platform to a new location. Th^ 
. door direction control, signal should not be passes 
to the door direction motor if, for example, the 
stage down status signal is not present. 

The PAL chip ..will produce* inhibit signals fa 
both the rotary st^ge motor and the probe am 
motor anytime the probe down sensor is ON since 
the platform should not move when the probe is 
down on the wafer. 

Additional, more complicated safety inhibit sys 
lem functions could also be implemented in 
system which utilizes the reflection detector 271 to 
map the position of the wafer on the. wafer plat 
form. For example, if a system has detected the 
center of the semiconductor wafer relative to the 
center of the platform and has calculated the radius 
of the^vi^afef^'d-.dete«!nine<lltfi^^ of, th 

wafer flat, the PQi^l^fp-:r.^}C^^ at whicr 

the probe' head should be dropped could be 
■ mapped in memory and a separate arrangemeni 
'could be provided for. processing of the PROBE 
DOWN signal which would not place the probe in 
contact with the area of the wafer. 

From the above discussion, the logical equa- 
tions which are necessarily embodied in the PAl 
chip are readily ascertainable and the person 0 
skill in the art can program the appropriate logic 
equations to achieve the enable/disable and inhibi 
logic required by the system. 

Fig. 33 shows the overall software control ar 
chitecture of the automated resistivity test systen 
depicted in schematic block diagram form in Fig 
29, Two-way communications from the host com 
puter 240 are handled by way of interrupt inpu 
handlers and interrupt output handlers. The hos 
computer Issues a command to the microcomputel 
system 220 which is fed to a command line inten 
preter which either validates or invalidates the comi 
mand. If the command is a valid one. it is acknowlj 
edged to the host and Interpreted by the compute} 
system 220 to issue appropriate signals to P.l.oj 
ports, etc, to provide control and/or data signals ta 
one or more of the modules of the system whici 
essentially function in parallel. These modules ari 
the motor controls, the pneunhatic (vacuum/air) con! 
trols. analog measurement circuitry, the current set 
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lection circuitry ^(programmable current source 
.293). the relay control circuitry 297 and certain 
program utilities which may involve program 
macros containing a sequence of commands 
and/or subroutines which may involve either oper- 
ational or diagnostic purposes. 

The architecture of the' system Is such that any 
of the individual functions which the system is 
capable of performing can be individually com- 
manded from the host computer. In normal opera- 
tion the host computer issues all of the sequence 
of functional commands to perform an overall rnul- 
tisite data collection operation of the system. 

Rg. 34 illustrates a standard sequence of com- 
mand functions which may be downloaded In se- 
ries from the host computer to perform a typical 
data collection function. The entry point of the 
program assumes that the door 19 is open, the r, $ 
stage is In the vyafer load (stage up) position and 
the system is ready for placing a wafer on the 
platform 23. It furthermore assurhes that a start 
measurement command has been received. The 
first step carried out is to turn the vacuum, on to the 
platform to hold thfe wafer in position. Next, the 
stage down command is issued to lower the wafer 
platform to the wafer test position.' The . next com- 
mand is to close the door 19. Each of these three 
commands involves the execution of an: individual 
program routine which will be described below. 

The next step is optional and involves- deter- 
mining the wafer size, center and flat- locations. - 
Following this, the computer commands the z, e 
stage and the r. z stage to move the test probe to 
the r. 9 position coordinates where the first mea- ' 
surement is to be performed. If the type of mea- 
surement involves contact of the probe with the 
wafer itself, the next step is to lower the probe with 
a probe down routine. Following this, the routine 
which actually performs the measurement on the 
wafer is executed followed by a lifting of the probe 
{if the measurement requires probe to wafer con- 
tact). 

Next the computer tests whether the site 
probed is the last site to be probed. If the answer 
to that test is NO. a routine is executed to move 
the probe to the next site and the program loops 
back to the PROBE DOWN box or to the MAKE 
MEASUREMENT box depending on whether the 
probe requires contact with the wafer. This loop is 
continually re-executed until the LAST SITE test 
produces a yes condition. At this point, a routine is 
executed to move the probe to the parked position 
and the z. $ stage to the home position which 
defines the "load" condition for the two stages. The 
next routine is to open to door followed by a 



STAGE UP routine. The program then exits to 
whatever additional programming has to be run for 
data collection, printing, data manipulation, display, 
etc. 

Fig. 35 illustrates the program routine for turn- 
ing on the vacuum to the wafer platform. The first 
step Is to test whether the vacuum sensor Is ON. 
i.e.. whether a VAC. ON output signal is received 
from the sensor 310. If the test returns a NO 
70 condition. (indicating "no vacuum"), the system up- 
dates the status flag and returns a not acknowledge 
("NAK") to the host computer indicating that the 
command could not be processed, successfully. If 
the test is posiUve. the system then!%nds a VACU- 
/s. UM ON command signal to solenoid 31 1 followed* 
by updating the status bits to shoW'that the vacu- 
um is on to the wafer stage. Thereafter, the system 
returns an acknowledgment ("ACK") of successful 
execution to the host computer. 
20 The next step in the process is to perform a 
STAGE DOWN routine, the details of which are 
shown in Fig. 36. The first step that the compijter 
may perform would be the dual test to see whether 
the door open sensor is ON and the probe 'park 
25 • sensor Is ON. If either of these conditions Ts not. 
presents then a return not acknowledge is execut- 
ed. With the safety inhibit ^^u^ty, j^a^-pjac^^i^^^^^ 
first step is not absolutely necessary and the com- - 
puter could send the STAGE OO^t^liiQiriYfSkcriS^ 
00 -the safety inhibit system and the PAL chip 320 - 
{shown in Fig. 31) will "either pass that command 
signal on to the control system or not. depending 
on the status of the door open sensor and the 
probe park sensor. It is preferable for the computer 
35 to read the status of the sensors first to avoid 
waiting for a time out condition if the command 
could be disabled by the safety Inhibit circuitry. 

The system next sets a time out counter to 
determine the amount of time that tfife system wilt 
40 await completion of the stage down function. The 
system then tests the output of the stage down 
sensor to determine whether It is ON. If the stage 
down sensor is not ON, the system next looks to 
see if the time out counter has zeroed. Assuming it 
45 has not. the system loops through the stage down 
sensor on test and the time out counter zeroed test 
until one or the other of those tests results in a 
YES. If the stage down sensor comes on before the 
time out counter zeroes, the status flag showing 
50 the stage down is updated and return acknowl- 
edged is given to the host computer. If instead a 
time out occurs, an error status is updated and a 
return not acknowledge (NAK) is provided to the 
host computer. It should be understood that any- 
55 time a return not acknowledged Is provided, the 
overall execution of the multistep program to per- 
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form a measurement Is interrupted and the mea- 
surement can not be performed unless and until 
some remedial action is 'taken to fix whatever prob- 
lem is precluding satisfactory execution of the pro- 
gram. 5 

The next rciutine to be executed is the close 
door routine. The first step of that routine is to test 
whether the stage down sensor is ON. If that test 
returns a no condition, the status is updated and 
return not acknowledged is performed. Next, the io 
time out counter is set and the system alternately 
checks for the ON cond|ltion of the door sensor or 
time out of the timer. Whichever of these test 
returns a YES first will result in an updating of 
status and turning off the door motor; If the door is 
closed sensor ON test fiirst. returns the YES con- 
dition, a return acknowledge will .be sent. If the 
system first times out. a return not acknowledge 
will be sent. 

The next step in the sequence is shown in Fig. 20 
38 and Involves moving to an initial r. 0 position. 
The first step in this routine Is to check whether the 
probe is up and the stage is down. The next test is 
whether the r. e coordinates to which the probe 
head is commanded are out of limits for the par- 25 
b'cuiar wafer size. . If that test is NO. the system 
sends move commands to the motor controllers 
providing the final position coordinates to which the 
z. fl stage and the r. z stage should be sent, i.e.. 
the final r and a coordinates. The next step is to 30 
set a time out counter and then enter a loop of 
tests checking for the completion of moving of the 
rotary stage motor and probe arm motor, checking 
to see whether the r stage reaches the home 
position while the motor is still moving, and testing 35 
whether the time out of the timer has occurred. In 
normal execution, the motor done moving test will 
be satisfied first and the status updated and a 
return acknowledged will be provided. If either of 
the other tests results in YES condition first the 40 
move will be aborted, a status flag updated and a 
return not acknowledge provided. 

Ftgs. 39 and 40 illustrate the routines for lower- 
ing the probe and raising the probe. Each of these 
routines is straightfonn^ard and need not be de- 45 
scribed here. 

Fig. 41 illustrates the routine for determine the 
wafer size and center coordinates of the wafer 
relative to the wafer platform on which it rests. The 
first thing that this routine does is to check whether so 
the stage is down. Assuming it is, the edge coun- 
ters for the wafer edge locations are initialized, 
followed by a step of initializing the r. 2 stage time 
out counter. The system then issues a command to 
the r. z stage to move the prove arm to the home ss 
position, i.e.. the center of the wafer platform. The 



probe will thus begin moving along the first proty. 
path shown in Fig. 32. accompanied by the reflec' 
tive sensor moving on a first sensor path shown k 
Rg. 32. The system then activates the sensor ligh- 
source and goes into a loop to sample the outpt; 
of the fiber optic detector to determine whether the . 
reflection sensor is ON or the r\ z stage time out 
has occurred. This loop continues to run until the 
reflection sensor turns ON, at which point the syj. 
tern'. reads and stores the motor position of the 
probe arm motor and the rotary stage motor as the 
r; 6 coordinates of the first edge. Since the dis* 
placement of the reflection sensor relative to the 
probe head is known, the actual coordinates to be 
\ recorded are the displaced r1, 01 coordinates of 
the sensor itself. These can readily be calculated 
from the motor position information received back 
from the motor controller for the r, z stage and the 
2, $ stage. 

The syistem then looks to determine whether 
the r. z stage has reached the home position or a 
time out has occtinred on the r. ' z stage. Any r 
stage time out will cause a status update and a 
return, not acknowledged condition. Assurriing the r. 
z stage reaches the. home position, the next step is 
to initialize the time out counter again and to issue 
a command. to'>YOtelejhe.2^^«^st^^ The 
program then enters a loop To 'deTerminerrwhether 
the 2. & stage- has finished * mdvihg-'43V-* leb^ at 
the status of the rotary stage motor NOT BUSY 
signal fed back from the motor controller circuit 
284 shown in Rg. 29. Once it has been detected 
that the 2, e stage has stopped moving, the time 
out counter is again initiated and a command to the 
■motor control circuit 283 to drive the probe arm 
toward the probe park position. The system then 
enters the same loop of sampling the fiber optic 
detector to determine whether it is ON and whether 
a time out of the r, 2 stage has occurred. Once the 
sensor ON test returns as NO. the motor position - 
(or alternatively the sensor position) is calculated 
therefrom is stored as the coordinates of edge 
point 2. i.e., r2, 82, The system then enters a loop 
to determine whether the r. 2 stage is at the probe 
parked position, looking at the probe parked sen* 
sor. or whether the r, 2 stage time out has oc« 
curred. Assuming that the r. z stage reaches the 
probe parked position, the system then again ini- 
tiates a time out counter and issues another stage 
rotate 120* command. The software executes ex- 
actly the same routine to determine the coordinates 
of the edge 3 point as the r3, $2 Coordinates shown 
in Rg. 32. The coordinates of the center of the 
wafer (rc, Be) can be determined by simple trigo- 
nometric function calculations. The three edge co- 
ordinates determine two chords of a circle. The 
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separate bisectors of those two chords, i.e., lines 
drawn orthogonal to the chord line at the one*half 
distance bisector point will intersect at the center of 
the circle, i;e., the center of the wafer. Once the 
center of the wafer coordinates rc and ec are* 5 
known, the radius of the wafer can readily be 
calculated in a known matter as the. displacement 
between these coordinates arid the edge coordi- 
nates, / . 

It is important to note that the first, second and io 
third probe and sensor paths must not involve . 
locating the edge point of the wafer at the wafer' flat 
region since that would not give a chord of a circle 
and an erroneous determination of the wafer center 
would be produced. Once the center of the wafer . is 
has been determined and .the wafer diameter has 
been calculated, it also possible to use the reflec- 
tion sensor to determine the position of the wafer 
flat by moving the reflection sensor to the edge of 
the wafer and then issuing a sequence of r and $ 20 
commands, which will effectively rotate the wafer on 
the piatfonrn about the waferxenter so that the r. e 
coordinates of the ends of the wafer flat region can 
be detected and registered. . *. 

From the , above detailed description, the 25 
achievement of the advantageous features of this 
invention summarized in the introductory portion of 
the specification should be readily apparent. The 2, 
9 stage of this invention provides for., rapid and 
effrcient transfer of wafers between, a wafer test 30 
position and a wafer load position: Furthermore; the * 
relative arrangement of the z. 6 stage and the r. z 
stage makes it simple to upsize the overall system 
to handle larger wafer diameters. 

The preferred embodiment provides a small as 
fight tight enclosure in which only the wafer plat- 
form of the z, e stage is positioned. Only the probe 
head' and mounting arm of the r, z stage enter this 
compartment. This, together with the door design, 
3iiminates particulate sources from the vicinity of 40 
:he wafer. 

The system of this invention is readily adapt- 
able to contact and non-contact type probing or 
:esting of a semiconductor wafer. A state-of-the-art 
•eal time control of the mechanical functioning of 45 
he system is implemented along with the safety 
nhibit system which eliminates possible damage to 
jystem components. 

The overall system is engineered for speed of 
execution of the wafer handling and probe handling 50 
unctions. This, together with improvements in 
jpeed of the actual measurement circuitry, enables 
he system to process the lest measurements in 
various testing modes as much as two. or three 
imes faster than the prior art systems. In addition. 55 
he system has the flexibility of operating under the 



control of a main computer or operating as a stand 
alone unit with limited . programming for limited 
testing without sophisticated data collection and 
manipulation capabilities. . 

The system is packaged such that all of the 
electronics can fit within a single housing. The 
overall result is a much more user friendly system. 
The z, 8 stage in accordance with this Invention 
provides ease of interfacing an automated wafer 
loading system and the host computer can then 
control the overall operation of the tester as well as 
the wafer Ibader/unloadersystem, 

It should also be apparent to persons of or- 
dinary skill in the arts of electromechanical system 
design and real time electronic control systems 
that a number of changes could bej;rr}a6e tn the 
specific implementation of features of the invention 
without departing from the principles of the inven- 
tion. It would, for example, be technically feasible 
to provide a z. e stage in which the entire stage, 
rather than an internal piston, moves in the z direc- 
tion. This would not be as adyaintageous since it 
would require; the mechanism to lift a substantial 
weight and thus the actual approach disclosed is 
preferred. In addition, it should be appreciated that 
there are a.nuniber.of possible implementations of 
the carriage means for translating the probe head 
relative to the wafer platform^alongjg^adius thereof.^. 
For example/that system could in vol vW^rl^^bv^r^- 
head gantry type, system which carrier thia pcflbie.,.*. 
head on a set of. rails which lie beside the wafer 
platform and above that platform in the stage down 
position. 

It should thus be apparent that, in general, 
numerous changes could be made without depart- 
ing from the scope of the invention as claimed in 
the following claims. 

Claims 



1. In an automatic system for testing semiconduc- 
tor wafers, wafer handling stage means including a 
platform for carrying a semiconductor wafer, 
mounting means for mounting said platform for 
rotation about a central axis and for translation of 
said platform orthogonal to a major surface thereof, 
platform drive means coupled to said mounting 
means to drive said platform between a wafer test 
position and a wafer load position, and stage drive 
means coupled to said mounting means for rotating 
said platform to accurately located angular test 
positions; and probe handling means including car- 
riage means for carrying a test probe parallel to the 
major surface of a wafer on said platform and 
carriage drive means for translating said carriage 
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means between a parked position in which a test 
probe thereon is positioned adjacent and clear of 
said pfatform and accurately located test positions 
along a radius of said platform. . . 

2. The system of claim 1, wherein said carriage 
means is adapted to carry a test probe which 
includes at least one test probe element for con- 
tacting or approaching the surface of a semicon- 
ductor wafer; and said carriage means includes a 
probe arm for carrying a test probe; arm mounting 
means for mounting said probe arm in a cantile- 
vered manner at one end for translation orthogonal 
to said platform between probe up and probe down 
positions; and probe drive means coupled to said 
probe arm to drive 6aid probe arm between said 
probe down and probe up positions. ■ 

3. The systerh of claim , 1 , further comprising probe 
location sensor means associated with said car- 
riage means for sensing when said test probe 
means is In said parked position; platform position 
sensor means associated with said wafer handling 
stage means for sensing when said platform is in 
said wafer test position; control means coupled to 
said platform and stage drive means for controlling 
the operation thereof; and inhibit means coupled 
between said control means and said platform and 
stage drive means and being coupled to said probe 
position and platform position sensor means for 
sensing the state thereof and for inhibiting -opera- 
tion of said platform drive means by said control 
means except when said probe position sensor 
means senses that said carriage means is in said 
parked position and for inhibiting operation of said 
stage drive means by said control means except 
when said platform position sensor means senses 
that said platform is in said wafer test position: 

4. The system of claim 2, further comprising probe 
position sensor means associated with said car- 
riage means for sensing when said test probe 
means is in said parked position: platform position 
sensor means associated with said stage means for 
sensing when said platform is in said wafer test 
position; and probe status sensor means for sens- 
ing when said probe arm Is In said probe up 
position; control means coupled to all said drive 
means for controlling the operation thereof; and 
Inhibit means coupled between said control means 
and all of said drive means and being coupled to 
all said sensor means for sensing the state thereof 
and for inhibiting operation of said platform drive 
means by said control means except when said 
prot}e position sensor means senses that said car- 
nage means is in said parked position, for inhibiting 
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operation of said stage drive means by said contrJf 
means except when said platform position senj^ | 
means senses that said platform is In said wai^ t 
test position, and for inhibiting operation pf \^ | 
said stage and carriage drive means except whes 
said probe status sensor senses that said prob? | 
arm is in said probe up position. . 

5. The system of claim 3 or claim 4, wherein saic 
stage drive means and said carriage drive meanj 
each include a drive control circuit providing ar 
output signal on a drive busy lead that indlcatej s 

. when 'said associated drive means is busy, saic 
inhibit means is coupled to said drive busy leads 
and further performs the function of inhibiting op- 
eration of said probe drive means to lower said tesj f 
probe means when either of said drive busy leads 
indicates that said associated drive means is busy. 

6. The system of any of claims 1 to 5. further 
comprising a light tight housing surrounding at 
least said platform of said stage means including a 
access door therein facing said wafer stage and 
positioned intermediate said wafer load position 
and said wafer test position of said platform; means 
mounting said access door for translation between 
a closed positio'n- afldian ppt^ri ppsitioR-^hich per 
mits said platform to translate between said- wafer 
load and wafer test positiohsf'^hd* door •^^drive 
means for driving said door between said open and 
cfased positions. . . 

7. The system of claim 6. further comprising probe 
position sensor means associated with said car- 
riage means for sensing when said test probe 
means is in said parked position; platform position 
sensor means associated with said stage means for 
sensing when said platform is in said wafer test 
position; door sensor means for sensing when said 
access door is in said open position; control means 
coupled to said platform and stage drive means 
and said door drive means for controlling the op- 
eration thereof; and inhibit means coupled between 
said control means and said platform and stage 
drive means and said door drive means and being 
coupled to said probe position and platform posi- 
tion sensor means and said door sensor means for 
sensing the state thereof and for inhibiting opera- 
tion of said platform drive means by said control 
means except when said probe position sensor 
means senses that said carriage . means is in said 
parked position and said door sensor means 
senses that said door is in said open position and 
for inhibiting operation of said carriage drive means 
and said door drive means by said control means 
except when said platform position sensor means 
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senses that said platform is in said wafer test 
position. 

8. The system of any of claims 1 to 7, wherein said 
mounting means comprises a hollow cylindrical 
housing, a hollow cylindrical rotor mounted within 
said housing and being- carried on a pair of upper 
and lower, bearing assemblies to provide free rotary 
motion of said rotor within said housing, a cylin- 
drical piston mounted within said rotor and carrying 
said platform on one end thereof which extends 
outside said rotor, said piston being keyed to said 
rotor with a cooperating key and keyway arrange- 
ment for rotation of said piston with said rotor; said 
platform drive means comprising means commu- 
nicating with said piston to drive said piston out of 
and Into said rotor; said stage drive means com- 
prising means communicating with said rotor to 
produce rotation thereof within said housing. 

9, The system of claim 8. wherein said piston is a 
hollow piston with the interior thereof communicat- 
ing with a source of vacuum; said platform includes 
an arrangement of interconnected grooves formed 
In a . top face thereof and an central aperture ex- 
tending throug^h said platform to communicate with 
the interior of said piston to couple vacuum to said 
grooves. 

10. The system of claim 8. further comprising a 
base platfe;. said hollow housing being mounted on 
said base plate and having a fluid sealing means 
therebetween to prevent escape of fluid from the 
interior of said housing at the mounting interface: 
fluid sealing means extending between an outer 
wall of said rotor and an inner wait of said housing 
to prevent escape of fluid from the interior of said 
housing between said respective walls; said piston 
being mounted for translation within said rotor, with 
a fluid tight sealing arrangement between the outer 
wall of said piston and the inner wall of said rotor; 
and means communicating fluid under oressure 
through said base plate to the interior of said 
housing to drive said piston. 

11, The system of claim 10. wherein said piston is 
a hollow piston; a hollow tube is mounted to said 
base plate at one end at a position concentric with 
said piston and extending into the hollow interior 
thereof; a fluid sealing means is interposed be- 
tween and interior wall of said piston and the 
exterior of said hollow tube to provide fluid pres- 
sure isolation between the interior of said piston 
and the interior of said housing; a channel being 
provided in said base and communicating with said 
hollow tubing to supply vacuum to said interior of 
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said piston; said platform includes an arrangement 
of interconnected grooves formed in a top face 
thereof and an central aperture extending through 
said platform to communicate, with the interior of 
said piston to couple said vacuum therein to said 
grooves. 

12. The system of any of claims 8 to 11. further 
comprising a position marker carried on an exterior 
wall of said rotor to indicate the honne position of 
said rotor; and an optical sensor mounted in said 
housing at the level of said position marker for 
sensing when said position marker is directly op- 
posite said sensor to signal that jsaid rotor is in said 
home position. '..rv 

13. The system of claim 12, further comprising a 
position marker carried on an exterior surface of 
said piston for Indicating when said piston is In a 
test position such that said platform is in said wafer 
test position; said rotor having a window through 
the wall thereof which is positioned opposite said 
position marker on said piston when said rotor is in 
said home position; and optical sensor means 
mounted in said housing opposite said window In 
said wall of said rotor for sensing when said piston 
is in said test position^F ^^ji^ . ^ ^ -^-^-.t: 

7'?'" 

14. The system 'of claims 6 or -any ' 6f claims" T^o^*^ 
13 when appendant to claim 6 further comprising a 
protective shroud mounted within said light tight 
surface defining an opening having generally the 
same geometric shape as said platform and being 
dimensioned to have a marginal edge portion con- 
tacted by a marginal edge portion of said platform 
as it travels from the wafer test position toward the 
wafer load position so that said snroud will there- 
after travel with said platform, said shroud having 
sidewalls extending from said top surface toward 
said access door to block access to regions under 
said platform over a major portion of the peripheral 
area of said platform. 

15. The system of any of claims 1 to 14. wherein 
said carriage means is adapted to carry a test 
probe at a prearranged locaUon thereon; and fur- 
ther comprising a sensor mounted on said carriage 
means at a prearranged position proximate said 
prean-anged test probe location for detecting when 
said sensor is positioned at the edge of a wafer on 
said platform; and control means coupled to said 
sensor and to said stage and carriage drive means 
for operating all of said drive means in a prear- 
ranged sequence while monitoring the output of 
said sensor to determine the r,5 coordinates of at 
least three separated edge points of said wafer and 
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thereof; a fluid sealing means is interposed be* 
tween and interior wall of said piston and the 
exterior of said hollow tube to provide fluid pres. 
sure isolation between the interior of said pistor 
5 and the interior of said housing; . a channel beinc 
provided in said base and communicating with saic 
. hollow tubing to supply vacuum to said interior cf 
said piston; said platform includes an arrangement 
of interconnected grooves formed in a top face 
10 thereof and - a central aperture extending : through 
•said platform to communicate with the interior of 
said .piston to couple said vacuum therein to saic 
grooves to hold said workpiece on said platform. 

75 20. The system of any-of claims 16 to 19, further 
comprising a position marker carried on an exterior 
wall of said rotor to indicate the home position or 
said rotor; and an optical sensor mounted in said 
housing at . the level of said position marker for 
20 sensing when said position marker is directly op- 
posite said sensor to signal that said rotor is in saio 
home position. 

21. The system of claim 20. further comprising a 
25 position marker carried on an exterior surface of 

said piston for indicating when said piston is in c- 
test position^ stich-i^hiti-said .ftlftjtgr^^^ wafer 
test position; said rotor having a' window r through 
the wair thereof which^ rs'fjo^itioiilfed'*opposite saio 
30 position marker on said piston when said rotor is in 
said home position; and optica! sensor means 
mounted in said housing opposite said window in 
said wall of said rotor for sensing when said piston 
is in said test position. 

35 

22. In a method for detecting the position coordi- 
nates of the center of a substantially circular semi- 
conductor wafer resting? on a platform capable ot 
rotating about a central axis defining the .origin of 

40 an r,8 coordinate system and for determining the 
diameter of said wafer, the steps of: 

disposing a sensor above said platform; moving 
said sensor along a first path which intersects said 
45 wafer at a first circular edge portion thereof; 

registering the ri.ei position coordinates of said 
sensor when it detects a first edge point of said 
wafer 

50 

moving said sensor along a second path which 
intersects said wafer at a second circular edge 
portion thereof; 



to determine from said coordinates of said edge 
points the r.fl coordinate of the center of said wafer 
and the size of said wafer. 

16, A stage for carrying a workpiece and having 
the capability of /translating said workpiece verti- 
cally between a.kage down and a stage up posi- 
tion and of rotating said workpiece about a central 
axis of said stage, said stage comprising a hollow 
cylindrical housing, a hollow cylindrical rotor moun- 
ted within said housing and being carried on a pair 
of upper and lower bearing assemblies to provide 
tree rotary motion of said rotor within said housing, 
a cylindrical piston mounted within said rotor, and 
having one end thereof extending above said rotor 
and carrying a platform for said workpiece thereon, 
said piston being keyed to. said rotor with a coop- 
erating key and keyway arrangemient for rotation of 
said piston with said rotor; a platform drive means 
communicating with said piston to drive said piston 
out of and into said rotor to translate said platform 
between said stage up and said stage down posi- 
tions; a stage drive means communicating with 
said rotor to produce rotation thereof within said 
housing. 

17. The system of claim 16, wherein said piston is 
a hollow piston with the interior thereof commu- 
nicating with a source of vacuum; said platform 
includes an arrangement of interconnected grooves 
formed in a top face thereof and an central ap- 
erture extending through said platform to commu- 
nicate with the interior of said piston to couple 
vacuum to said grooves to hold said workpiece on 
said platform. 

18. The system of claim 16. further comprising a 
base plate: said hollow housing being mounted on 
said base plate and having a fluid sealing means 
therebetween to prevent escape of fluid from the 
interior of said housing at the mounting interface; 
fluid sealing means extending between an outer 
wall of said rotor and an inner wall of said housing 
to prevent escape of fluid from the interior of said 
housing between said respective walls; said piston 
being mounted for translation within said rotor with 
a fluid tight sealing arrangement between the outer 
wall of said piston and the inner wall of said rotor; 
and means communicating fluid under pressure 
through said base plate to the interior of said 
housing to drive said piston. 

19, The system of claim 18, wherein said piston is 
a hollow ptston: a hollow tube is mounted to said 
base plate at one end at a position concentric with 55 
said piston and extending Into the hollow interior 



registering the r2,82 position coordinates of said 
sensor when it detects a second edge point of said 
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wafer- 
It 

moving said sensor along a third path which inter- 
^ sects said wafer at a third circular edge portion 
thereof; 

registering the r3,fi3 pQSition coordinates of said 
sensor when it detects' a third edge point of said 
wafer; 

calculating the rc,5c coordinates of the center of 
said wafer by finding the coordinates of intersection 
of two lines which bisect the two chords of a circle 
defined by the three edge points of ^aid wafer and 

calculating the displacement between said rc,5c 
coordinates and the r,fl coordinates of one of said 
three edge points as the radius of said wafer. 

23. In an automatic system for performing sheet 
resistivity testing on surface layers of semiconduc- 
tor wafers. 

wafer handling stage means including a platform 
for carrying a semiconductor wafer, mounting 
means for mounting said platform for rotation about 
a central axis and for .translation of said platform 
orthogonal to a major surface thereof, platform 
drive, means coupled to said mounting means to 
drive said platform between a wafer test position 
and a wafer load position, and stage drive means ' 
coupled to said mounting means for rotaUng said 
platform to accurately located - angular test posi- 
tions; 

probe handling means including carriage means for 
carrying a test probe parallel to the major surface 
of ai wafer on said platform and carriage drive 
means for translating said carriage means between 
a . parked position in which a test probe thereon is 
positioned adjacent and clear of said platform and 
accurately located test positions along a radius of 
said platform, said carnage means being adapted 
to carry a resistivity test probe which includes test 
probe element for contacting the surface of a semi- 
conductor wafer and including a probe arm for 
carrying said test probe, arm mounting means for 
mounting said probe arm in a cantilevered manner 
at one end for translation orthogonal to said plat- 
form between probe up and probe down positions 
and probe drive means coupled to said probe arm 
to drive said probe arm between said probe down 
and probe up positions; 

a light tight housing surrounding said platform In- 
eluding an access door therein facing said platform 



and positioned intermediate said wafer load posi- 
tion and said wafer test position of said platform, 
means mounting said access door for translation 
between a closed position and an open position 
5 which permits said platform to translate between 
said wafer load and wafer test positions, and door 
drive means for driving said door between said 
open and closed positions; and 

w a sensor arrangement including probe location sen- 
sor means associated with said carriage means for 
sensing when said test probe Is in said parked 
position, probe status sensor means associated 
with said probe arm for sensing when said test 
JS probe is in said probe up position? platform position 
sensor means associated with said wafer handling 
stage means for sensing when said platform is in 
said wafer test position, door position sensor 
means for sensing when said door, is in an open 
20 position. . 

24, The system of claim 23. further comprising 
control circuit means coupled to said platform drive 
means, said stage drive means, said carriage drive 
25. means, said probe drive means and said door drive 
means for controlling the operation of all of said 
drive means in respoofse toj^ut control signals; 
and inhibit circuit means coupled S'^fid'^eri.soF 
arrangement and, to said controLvCirc'uit rneans-^4r 
30 inhibiting operation of said platform drive means 
'except when said probe position sensor means 
senses that said carriage means is in said parked 
position and said door position sensor senses that 
said door is in an open position, for inhibiting 
35 operation of said carriage drive means by said 
control means except when said platform position 
sensor means senses that said platform is in said 
wafter test position and said probe status sensor 
means senses that said probe arrh- 'is in a probe 
40 arm up status, for inhibiting operation of said stage 
drive means except when said probe arm up status 
sensor senses that said probe arm is in a probe 
arm up status, and for inhibiting operation of said 
door drive means except when said platform posi- 
es tion sensor senses that said platform is in said 
wafer test position. 

25. The system of claim 24, wherein said control 
circuit means includes a separate drive control 
so circuit for each of said stage drive means and said 
carriage drive means and each of said control 
circuits provides an output signal on a drive busy 
lead that indicates when said associated drive 
means is busy, said inhibit circuit is coupled to 
55 said drive busy leads and further performs the 
function of inhibiting operation of said probe drive 
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means lo lower said test probe means when either 
of said drive busy leads indicates that said asso- 
ciated drive means is busy. 

26. The system of any of claims 23 to 25. wherein s 
said mounting means comprises a hollow cylin- 
drical housing, a hollow cylindrical rotor mounted 
within said housing and being carried on a pair of' 
upper and lower bearing assemblies to provide free 
rotary motion of said rotor within said housing, a ?o 
cylindrical piston mounted within said rotor and 
carrying said platform on one end thereof which ' ' 
extends outside said rotor, said piston being keyed 
to said rotor with, a cooperating key and key way 
arrangement for rotation -of said piston with said is 
rotor; said platform drive means comprising means 
communicating with said piston to drive said piston 
out of and into said rotor; said stage drive means 
comprising nrieans communicating with said i-otor to 
produce rotation thereof within said housing. " ao 
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hollow tubing to supply vacuum to said interior ' 
said piston; said platform includes an arrangem ^ I 
of interconnected grooves formed in a top t 
thereof and an central aperture extending thro,^ 
said platform to communicate with the interior ^ 
said piston to couple said vacuum therein to 
grooves. 

30. The system of any of claims 26 to 29, furtha 
comprising a position marker carried on an exteria 
wail of said rotor to indicate the home position a 

• said rotor; and an optical sensor mounted in sale 

• housing at the level of said position marker fo, 
sensing when said position marker is directly op- 
posite said sensor to signal that-said rotor Is in sale 
home position. 



27. The system of claim 26. wherein said piston is 
a hollow piston with the interior thereof commu- 
nicating with a source of vacuum ;: said platform 
includes an arrangement of interconnected grooves 25 
formed in a top face thereof and an central ap- 
erture extending through said platform to commu- 
nicate with the interior of said piston to' couple 
vacuum lo said grooves. 

00 -ru 30 

28. The system of claim 26. further comprising a 
base plate; said hollow housing being mounted on 
said base plate and having a fluid sealing means 
therebetween to prevent escape of fluid from the 
interior of said housing at the mounting interface; 35 
fluid sealing means extending between an outer 

wall of said rotor and an inner wall of said housing 
to prevent escape of fluid from the interior of said 
housing between said respective wails; said piston 
being mounted for translation within said rotor with <o 
a fluid tight sealing arrangement between the outer 
wall of said piston and the inner wall of said rotor; 
and means communicating fluid under pressure 
through said base plate to the interior of said 
housing to drive said piston.. 45 

29. The system of claim 28, wherein said piston is 
a hollow piston; a hollow tube is mounted to said 
base plate at one end at a position concentric with 
said piston and extending into the hollow interior so 
thereof; a fluid sealing means is interposed be- 
tween and interior wall of said piston and the 
exterior of said hollow tube to provide fluid pres- 
sure isolation between the interior of said piston 
and the interior of said housing; a channel being 55 
provided in said base and communicating with said 



31. The system of claim 30, further comprising 
position marker carried on an exterior surface oi 
said piston for indicating when said piston is in 
test position such that said platform is in said wafe* 
test position; said rotor having a window through 
the wall thereof which is positioned opposite said 
position marker on said piston when said rotor is in 
said home position; and optical sensor means 
mounted in said housing opposite said window in 
said wall ofs?sald7:r^,fpr.^^n^u,^g^^^w piston 
is in said test position.^ ' " ' . . . 

32. The system of any of claims 23 to 31, further 
comprising a protective shroud mounted within said 
, light tight housing over said platform, said shroud 
having a top surface defining an opening having 
generally the same geometric shape as said, plat- 
form and being dimensioned to have a marginal, 
edge portion contacted by a marginal edge portion 
of said platform as it travels from the wafer test 
position toward the wafer load position so that said 
shroud will thereafter travel with said platform, said 
shroud having sidewails extending from said top 
surface toward said access door lo block access to 
regions under said platform over a major portion of 
the periQheral area of said platform. 



33. In a computer controlled machine having a 
number of mechanical components which move 
relative to each other under computer control of 
associated drive means, a plurality of said compo- 
nents having possible positions which conflia with . 
safe movement of other components, sensor! 
means for reporting the positions of said plurality of 
components, computer means for communicating 
control command signals to said drive means, and 
logic means coupled to said sensor means and 
said computer means for disabling one of said 
control command signals to one of said drive 
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sliding said door to a closed position"; 

disposing a resistivity probe over said wafer; 

5 rotating said wafer platform to a prearranged an- 
gular position coordinate; 

translating said probe to a prearranged radial posi- 
tion coordinate on said wafer; 

70 

lowering said probe onto said wafer to make a 
measurement; 



47 0 



means when said sensor means reports a compo. 
nent position which conflicts with safe movement of 
said component associated with said drive means, 

34. In a method for performing sheet resistivity 
tests on surface layers of semiconductor wafers 
the steps of; / 

disposing a wafer platforrh in a light tight enclosure 
havrng an overhead sliding door; 

sliding said door to an open position; 

translating said wafer platform upwards through 
said open door to a wafer load position to receive a 
semiconductor wafer thereon; 

translating said wafer platform downwards through 
said open door to a wafer test position within said 
enclosure; 



raising said probe after completing . said measure- 
's ment; and 

repeating said rotating, translating, lowering, and 
raising steps to make measurements on said wafer 
at a multiplicity of distinct r, e coordinates of said 
20 wafer. 
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